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INTRODUCTION 


The inception of this project was in November, 1930, and 
resulted from the request of the Headquarters, Philippine De- 
partment, United States Army, for more-definite information 
with regard to the prevalence of malaria in order that maneuvers 


* The surveys and laboratory studies on which this paper is based were 
made under the joint auspices of the Medical Department Research Board 
of the United States Army, the International Health Division of the Rocke- 
feller Foundation, and the Bureau of Science of the Philippine Islands. 

The authors are very greatly indebted to Dr. W. V. King, of the United 
States Bureau of Entomology, who is classifying the anophelines of the 
Philippines under the sponsorship of the International Health Division of 
the Rockefeller Foundation. All mosquito collections, after our identifica- 
tions, were given to Doctor King for his collection. He has very kindly 
checked the identifications, especially of the minimus-funestus group. 

The authors are no less indebted to Col. H. H. Rutherford, Department 
Surgeon, Philippine Department, for his great interest and support in the 
accomplishment of this work. 

They are also indebted to Maj. John H. Kintner, Veterinary Corps, 
United States Army, for valuable assistance rendered in the survey of 
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might be held in certain areas with minimum danger from infec- 
tion by malaria. Other surveys followed in the order shown in 
Table 1. 


TABLE 1.—Jtinerary and distance of reconnaissance Surveys. 


n А Distance 
Month and year. Region. traveled. 
November, 1930. -| Bataan, east соаз&.---.----------------<----- 272 
December, 193! -| Misamis_-.------ ... 2,260 
May, 1931.... -| Corregidor and outposta. 81 
July, 1981 -| Bataan, central and west coast. 337 
July and August, 193 -| Zambales. 374 
September and October, 1981. -| Kabasalan, Zamboanga. 2,565 
October, 1931. -| Bataan, east central... 248 
Do.... .| Pampanga and Tarlac. 328 
November, 1931. -| Tayabas....-....-- 543 
December, 1981. .| Laguna and Batangas. 400 
Do..... Mountain Province. CO 715 
January, 1932. _| Ilocos, La Union, Pangasinan, and Zambales. -.. 1,722 
January and February, 1932 -| Mindanao and Sulu.. 4,597 
February, 1932 -| Visayan and Bicol provinces. al 2,046 
March, 1932... -| Northeastern provinces, Luzon. -| 2,184 
January to March, 1932 -| Тара ------- 538 
Cavite and Rizal. 418 
Visayas__._..------- 2,180 
Palawan and Balabac. 2,145 
Miscellaneous (including Baguio) 600 
mo Е PHÓ 24,553 


In Table 1 are given the dates of surveys, places visited, and 
distances traveled in kilometers. It will be noted that the total 
distance was 24,553 kilometers. Means of transportation in- 
cluded foot, carabao carts, riding horses, various horse-drawn 


Corregidor and its outlying posts, as well as assistance rendered in the 
completion of data. 

Thanks are due to Loyd Stevens, sergeant, Medical Department, United 
States Army, Andres Nono, chief field inspector, malaria investigations, 
and Domingo Santiago, field inspector, malaria investigations. Further, 
we would express our thanks to the Director of the Bureau of Education 
and to many of the division superintendents and their teachers, who made 
possible spleen palpations in the schools and who at all times gave us their 
hearty coóperation. We are also grateful to the Director of the Bureau 
of Commerce and Industry who arranged for us to make one inspection 
trip on the cutter Bustamante. For data regarding altitudes we are 
indebted to the Director of the Bureau of Forestry. At various times 
officials of the Philippine Health Service lent their coóperation, for which 
we make due acknowledgment. Finally, we would acknowledge our indeb- 
tedness to the Director of the Bureau of Science for his assistance in 
planning this paper and in its publication. 
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vehicles, motor trucks and cars, bancas, launches, steamers, Соу- 


ernment cutters, and railways. 


Table 2 lists all places in which 


spleen surveys and/or Anopheles collections were made. 


TABLE 2.—Places visited on malaria reconnaissance. 


Abra Province. 
Bangued. 
Palao. 

Albay Province. 
Bogtong. 
Daraga. 
Guinobatan. 
Legaspi. 
Mauraro. 

Antique Province. 
Pandan. 

Bataan Province. 
Abueay. 
Bagac. 
Balanga. 
Cabcaben. 
Corregidor, 
Cupang. 
Dinalupihan. 
Hermosa. 
Limay. 
Mariveles, 
Orani, 
Orion. 
Samal. 
Sisiman, 

Batangas Province. 
Cuenca. 
Batangas. 
Ibaan. 
Rosario. 
Sabang. 
Tuy. 

Bulacan Province. 
Baisa. 
Malolos. 
Marilao. 

Bohol Province. 
Agricultural 

lony. 
Balilihan. 
Calape. 
Carmen. 
Leon. 
Tagbilaran. 


Co- 


Cagayan Province. 
Aparri. 
Gattaran. 
Tguig. 
Tuguegarao. 

Camarines Sur Proy- 

ince. 
Lagonoy. 
Naga. 
Pasacao, 

Capiz Province, 
Buntog. 
Capiz. 

New Washington. 
Cavite Province. 
Indang. 

Naic. 
Ternate. 
Cebu Province. 

Cebu. 
Labangon, 
Mambaling. 
Mandaue. 
Tabunoc. 
Toledo. 

Davao Province. 
Davao. 
Katitipan. 
Matina. 
Mintol, 
Pakiputan. 
Talomo. 
Tugbok 

nga). 

Ilocos Norte Province. 
Bacara. 

Badoc. 
Bangui. 
Batac. 
Laoag. 
Paoay. 
San Mateo. 

Hocos Sur Province. 
Bantay. 

Cabugao. 


(Gula- 


Ilocos Sur 
ince—Continued. 

Suyo. 
Vigan. 

Iloilo Province. 
Iloilo, 
Jaro. 
Leon. 

Passi. 
Isabela Province. 
Echague. 
Ilagan. 
Laguna Province, 

Bay. 
Biñan. 
Cabuyao. 
Calamba. 
Calauan. 
Dayap. 
Lilio. 
Longos. 
Los Baños. 
Luisiana. 
Lumban. 
Mabitac. 
Magdalena. 
Majayjay. 
Nagcarlan. 
Paete. 
Pagsanjan. 
Pila. 
Santa Cruz. 
San Juan. 
San Pablo, 
Santa Maria. 
Santa Rosa. 
Siniloan. 
Lanao Province. 
Kolambugan. 
La Union Province. 
Bauang. 
Burgos. 
Saitan. 
Leyte Province. 
Carigara. 


Prov- 
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TABLE 2.—Places visited on malaria reconnaissance—Continued. 


Leyte Province—Ctd. 
Talibong (Biliran 
Island). 
Manila, City of. 
Malacañang. 
Malate. 
Maypajo. 
Masbate Province. 
Masbate. 
Tagba. 
Mindoro Province. 
Camboag 
Jose). 
Caminawit (Man- 
garin). 
San Jose. 
Misamis Province. 
Cagayan. 
Gingoog. 
Mountain Province. 
Baguio. 
Cervantes. 
Hapao. 
Loo. 
Tawan. 
Nueva Ecija Province. 
Bongabon. 
Cabiao. 
Cabu. 
Puncan. 
San Jose. 
Nueva Vizcaya Prov- 
ince. 
Bagabag. 
Bambang. 
Bayombong. 
Rosario. 
Santa Fe. 
Occidental 
Province. 
Bacolod. 
Isabela. 
Murcia. 
San Carlos. 
Oriental Negros Prov- 
ince. 
Dumaguete. 


(San 


Negros 


Palawan Province. 

Baja Point (west 
coast). 

Balabac. 

Coron. 

Culion. 

Cuyo. 

Iwahig. 

Puerto Princesa. 

Pampanga Province. 
Del Carmen. 
Floridablanca. 
Fort Stotsenburg. 
La Mitra. 

Porac. 

Pangasinan Province. 
Alaminos. 
Infanta. 
Lingayen. 
Mabini 

guin). 
Malasiqui. 
Urdaneta. 

Rizal Province. 
Antipolo. 

Las Pifias. 

Navotas. 

Parafiaque. 

San Francisco del 
Monte. 

San Juan del Mon- 
te. 

Samar Province. 
Allen. 

Sorsogon Province. 
Bulusan. 

Putiao. 
Rizal. 
Sorsogon. 

Sulu Province. 
Astorias. 
Bato-bato. 

Bongau. 
Jolo. 
Lapac. 


(Balinca- 


Sulu Province—Ctd. 
Lugus Island. 
Maimbung (Jolo). 
Manubul Island. 
Pantao (Jolo). 
Siasi. 

South Ubian. 

Tabo-tati (Jolo). 

Tandu Bato (о1о). 

Tandu Patong 
(Jolo). 

Tarlac Province. 
Luisita. 

San Miguel. 

Tayabas Province. 
Atimonan. 
Candelaria. 
Gumaca. 

Lucban. 
Lucena. 
Malicbuy. 
Mauban. 
Pagbilao. 
Sampaloc. 
Sariaya. 
Tayabas. 
Tiaong. 

Zambales Province. 
Candelaria. 
Castillejos. 

Tba. 
Olongapo. 

San Antonio. 
San Felipe. 
San Marcelino. 
San Narciso. 
Santa Rita. 
Subic. 

Zamboanga Province. 
Kabasalan. 
Limajon 

coast). 
Mercedes. 
Talungatung. 
Tumaga. 
Zamboanga. 


(east 
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A number of malaria and Anopheles surveys have been re- 
ported from the Philippines. The first and most extensive of 
previous reports was that of Barber et al.(1) These observers 
visited fourteen provinces making collections of Anopheles lar- 
ve. They also reported a total of 4,113 blood-smear examina- 
tions in children with a parasite index of 11.0 per cent and a 
total of 5,426 spleen examinations with a splenic index of 13.3 
per cent, 

Other surveys of special interest have been reported by Ni- 
chols, (2) Musgrave et al.,(3) Padua, (4, 5, 6) Manalang, (7,8) Tiede- 
man,(9) Ejercito, (10,11) Mieldazis,(12) Ejercito and Laurel, (13) 
Holt and Russell.(14) Some of the information published in the 
last-cited report is included in this. G. F. Lull,(15) who was 
Medical Advisor to the Governor-General at the time of his 
report, gives the following figures for the mortality of malaria 
in the Philippine Islands (Table 3). 


TABLE 3.—Malaria in the Philippines, from Lull, 


1 
Death Death 
Year. Deaths, BEI Year. Deaths. nye or 
population. population. 


33,655 | 588.34 
41,446 | 661.89 
23,973 | 412.64 
22,610 | 352.97 
23,487 | 364.90 
25,151 | 378.12 
26,359 | 359.68 
28,181 | 370.15! 
27,929 | 345.99 
18,526 | 229.62 
20,285 | 246.92 
24,826 | 297.21 
26,088 | 307.19 
29,074 | 311.15 


38,322 | 411.42 
37,726 | 398.00 
29,653 | 308.00 
28,407 | 281.78 
27,196 | 257.74 
24,142 | 218.14 
26,740 | 232.94 
24,329 | 218.39 
24,318 | 210.63 
19,520 | 166.32 
15,925 | 133.78 
15,332 | 127.02 
15,144 | 123.61 
11,787 94.88 
— 1 


* Figures for 1930 and 1931 were supplied by the Director of the Philippine Health 
Service. 


> Figures for 1931 are provisional. 


Ash, (16) in 1922, conducted a spleen survey along the eastern 
shore of Bataan examining 662 children in the area between 
Mariveles and Guagua, finding 128 children with enlarged 
spleens, all of which were south of Orion, Bataan. 

Simmons and St. John(17) made a malaria survey on Corre- 
gidor in July, 1928, during which they examined 1,740 children, 
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finding a splenic index of 3.6 per cent with 74.2 per cent corre- 
lation between positive spleens and parasites in the blood. The 
same authors with Reynolds(18) conducted a similar survey at 
Fort Stotsenburg, Pampanga, examining 993 children and find- 
ing 2.2 per cent with enlarged spleens. Of the positive spleen 
cases, 96 per cent were found to be harboring malaria parasites 
in the blood. 

In view of the fact that none of the above-mentioned surveys 
included a majority of the provinces of the Philippines and 
because there has recently been an extensive revision in the 
classification of the local species and varieties of Anopheles, it 
seemed highly desirable to make a reconnaissance survey, first 
to determine in general the distribution of the various anophe- 
lines throughout the entire Archipelago, and second, to find out 
whether or not malaria is an island-wide problem. The present 
survey required eight months of nearly continuous travel in 
addition to numerous shorter surveys and gathered data from 
forty-one of the forty-eight provinces. 

The survey party usually consisted of the authors, each with 
an assistant, but at times numbered eight persons. It was 
impossible, in the time available, to visit Romblon, Marinduque, 
and Camarines Norte Provinces and to penetrate the central 
portions of Mindanao, Mountain Province, Samar, and Leyte. 
Our itinerary is given in Table 1 and a list of places visited in 
Table 2. 

GENERAL CONSIDERATIONS 


The Philippine Islands extend from Sibutu, latitude 4? 40" 
north, to Y'Ami, latitude 21? 5” north, or about 1,100 miles. 
The Archipelago comprises 7,083 islands of which about 2,500 
arenamed. The area of the group is about 114,000 square miles, 
a little less than the British Isles. Luzon and Mindanao com- 
prise more than half of the area of the total. About 13,000,000 
people inhabit the Islands according to latest official estimates. 

Climate, rainfall, and average temperature conditions in the 
Philippines are shown by Plates 1 and 2, and no further discus- 
sion of these subjects is necessary in this paper. 

As Craig(19) first pointed out, malaria in the Philippines is 
found in the foothills. As will be seen from Table 4, our ex- 
perience bears this out. We have not found malaria on the 
coastal plains, on the plateaus, or in the mountains above 2,000 
feet; but except for this fact that malaria transmission appar- 
ently does not occur above 2,000 feet, altitude per se, we believe, 
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has little influence on the prevalence of malaria. It is change in 
altitude which has a direct and fundamental influence on malaria 
in the Philippines (see Table 4). 


TABLE 4.—Showing noneffect of altitude per se on malaria rates in selected 


places. 

Altitude. Town and province, Spleen 
Feet, 

Navotas, Rizal... 3.0 
Abucay, Bataan. 4 4.9 
Legaspi, Albay__ 6.4 
EL AAA Dinalupihan, Bataan.. 30.6 
Siniloan, Тарипа---. 33.7 
Bangui, Ilocos Norte- 41.3 
¡Gattaran, Cagayan. m 61.8 
Iguig, Cagayan... Д 5.7 
Pagbilao, Tayabas. < 7.8 
"[[Cabugao, Ilocos Sur... ---| 88.7 
Santa Maria, Laguna... 2 57.0 
San Miguel, Tartac__ a 6.0 
La Mitra, Tarlac____ E 8.0 
100-200._.......................... Castillejos, Zambales 10.5 
Palao, KDE aS ahe a a 22.4 
Echague, Isabela _ _ i 38.1 
Rosario, Batangas_ > 13.7 
300-500... San Jose, Mindoro.. -| 26.5 
Suyo, Ilocos Sur. 35.0 
Cuenca, Batangas... 14.0 
500-1,500--.........--............. M La Union... -| 22.8 
Over 2,000: Bagabag, Nueva Vizcay: » 90.0 
3,250... Hapao, Mountain... E 0.0 
5,150... Loo, Mountain. cocoa 0.0 


SPLEEN RECONNAISSANCE 


It should not be necessary at this date to write an apologia 
for the use of splenic enlargement as an index to the distribu- 
tion and prevalence of malaria in a community, but doubt still 
creeps into the literature and has been locally expressed. There- 
fore, a brief review of the situation seems to be indicated. 

Since the time of Sydenham,(23) and doubtless before, the 
relation between enlarged spleen and ague has been known. For 
at least eighty-five years this relationship has been used as a clue 
to the presence and prevalence of malaria in a community. 
Dempster(24) in India appears to have been first to show that 
this positive correlation between a large spleen and malarial 
fever is of practical value as a measure of malarial endemicity. 
He wrote that localities “free from splenic disease may be 
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confidently selected as a good position for European and native 
troops.” He concluded that “however healthy a locality may 
appear in other respects, if its native inhabitants are generally 
afflicted with organic disease of Ше spleen, there, beyond all 
doubt, does much malaria exist * Ж *.” Hundreds of re- 
ported spleen surveys from every continent have amply borne 
out this clear-cut statement of 1847. 

The spleen index is rapidly taken, causes little disturbance, 
and is probably more reliable as indicating the average preval- 
ence of malaria than the blood index. We have seen no evidence 
that the spleen index is any less useful as an indication of 
malaria distribution and prevalence in the Philippines than else- 
where. We agree with Christophers(25) that “the ease with 
which it can be ascertained over large areas and for large num- 
bers makes it a unique index in the measurement of disease, 
and to the malariologist it is one of the most precious assets of 
his science." 

In view of attempts to depreciate the value of the spleen survey 
it must be kept in mind that malaria is not easily and accurately 
measured by any test. The plasmodia have the habit of secret- 
ing themselves in the recesses of spleen and bone marrow so 
that a negative blood smear may mean very little. As Man- 
son(26) was wont to say, “what is found in the peripheral blood 
in malaria represents only an overflow from much greater vis- 
ceral happenings. The splenic enlargement is one result of such 
happenings and is as important a measure of the malaria in- 
cidence as the microscopical examination of one thin film of 
blood.” 

Other references could be quoted; for example, that of Ross, 
Christophers, and Perry(27) who, on the basis of very extensive 
experience, wrote that the spleen rate is the “most readily and 
extensively applicable, and at the same time the most reliable 
measure of the amount of malaria in a community * * є,» 

As regards the Philippines, the most extensive spleen survey 
in the past was that of Barber et al.(1) who made 5,426 spleen 
and 4,646 blood smear examinations in fourteen provinces. They 
found a parasite index of 11 per cent and a spleen index of 
13.3 per cent. Of the 3,686 children who had both spleen and 
blood examinations, 7.5 per cent were positive for parasites and 
12.4 per cent for splenic enlargement. In communities in which 
at least one parasite-positive case was found, that is in malarious 
places, there were 1,883 spleen-negative cases among children 
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and of these 7.7 per cent were ратазЦе-роз уе. The authors 
State further, "of approximately 569 cases presenting enlarged 
Spleens of whom the blood was examined, 164 or 28.8 per cent, 
were positive for parasites. It is well known that cases exhibit- 
ing splenomegaly, known to be the result of malaria, often fail 
to show parasites in the blood.” 

The authors conclude, “while a larger series than ours may be 
needed to solve this question, we believe that a spleen rate over 
10 indicates present or past malaria in the most, if not all the 
communities of the Philippines. However, we should not recom- 
mend that the malarial survey of a locality should rest on the 
Spleen examination." 

Except that we believe spleen rates of more than 5 to have 
malarial significance, we agree, and feel that in any given locality 
accurate measurement of malaria requires both spleen and blood 
tests. In a reconnaissance such as we are reporting we feel 
confident that the spleen test alone is a fair indication of the 
presence or absence of malaria. We are not using it as more 
than a broad measure of local intensity and have not given any 
totals by provinces, believing that such totals should only be 
given where a province has been thoroughly surveyed. 

It is well known that other diseases cause splenic enlarge- 
ment and that the examiner must, therefore, be on the lookout 
for such acute infections as septicemia, typhus and typhoid 
fevers, measles, chicken pox, mumps, erysipelas, acute miliary 
tuberculosis, tuberculous peritonitis, cerebrospinal meningitis, 
Malta fever, smallpox, diphtheria, scarlet fever, relapsing fever, 
and plague. These diseases are listed by Boyd(28) as producing 
acute enlargement of the spleen. This author further states that 
chronic enlargement, other than malarial, is observed in con- 
genital syphilis, schistosomiasis, kala azar, leukemia, splenic 
anemia, Gaucher's disease, malignant neoplasms, and familial 
jaundice. Lesser degrees of enlargement are present in cirrhosis 
of the liver, rickets, pernicious anzemia, passive congestion, and 
acute portal obstruction. 

This is an imposing list, but in practice in the Philippines in 
spleen examinations in schools and public places—that is, not 
in hospitals, dispensaries, or homes—confusion may arise only 
from measles, chicken pox, and, in some regions, schistosomiasis. 
During our survey we encountered both measles and chicken pox. 
With regard to measles and chicken pox our experience has been 
in line with the reports by Boyd.(28) Splenic enlargement in 
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these diseases does not become chronic. By the time the rash 
has faded, the spleen is usually not palpable even on deep in- 
spiration. In our tables these cases, giving evidence of recent 
chicken pox or measles, have been excluded. 

According to a recent survey by Tubangui, (29) there are foci 
of schistosomiasis in Leyte. We found no cases in our brief 
visits at the northern end of this island and saw none elsewhere, 
but the disease unquestionably is fairly prevalent in the areas 
visited by Tubangui and must be kept in mind in spleen surveys 
in the Philippines. 

In technic of examination we have used wherever possible the 
more delicate method of Darling.(30) The child is placed in a 
recumbent position with the thighs and legs flexed. The clothing 
is loosened so that the hand of the examiner can be placed upon 
the bare skin of the abdomen in the region of the spleen at 
the costal margin. Standing on the child's right, the examiner 
gently explores the upper left quadrant of the abdomen with the 
finger tips, feeling for an enlarged spleen. If the spleen is not 
palpable, the child is instructed to take a deep breath. The 
tips of the fingers of the examiner's right hand are held at and 
just below the costal margin. As the child breathes deeply, 
slight pressure is made with the fingers and sometimes a spleen, 
pushed down by the diaphragm, becomes palpable. 

Having palpated a spleen it may be classified as to size accord- 
ing to one of several systems. These vary from the simple but 
satisfactory finger's breadths of the earlier malariologists to the 
latest method of triangulation of the position of the apex of the 
spleen by measurement of its distance in centimeters from the 
umbilicus and from the median line of the body, with corrections 
for the age and size of the child. This refined technic of Chris- 
tophers (31) is particularly useful in quantitative and comparative 
studies of community spleen mass and is certainly the most ac- 
curate of all devices for recording spleen sizes. It has no place, 
however, in a reconnaissance, for it is à burdensome and slow 
process, Furthermore, in the Philippines, it could usually be 
applied only to boys. "There has been no objection from girls or 
their parents, to a simple palpation of the child's spleen, hand on 
skin, without exposure, in the schoolroom. Exposure usually 
would not be tolerated. Therefore, in our survey we have not 
attempted meticulous measurements. In a few localities it was 
necessary to examine children in the standing position because 
of their shyness. "These exceptions are duly noted in the table 
which summarizes the results. 
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We have classified our spleens in six groups as follows, after 
Boyd : (28) 


Spleen 0. Spleen not palpable, 

Spleen Р. D. 1, Palpable only on deep inspiration. 

Spleen 1. Palpable at the costal margin on normal respiration. 
Spleen 2. Palpable, extends halfway to the umbilicus. І 
Spleen 3. Palpable, extends to the umbilicus. 

Spleen 4. Palpable, extends beyond the umbilicus (see fig. 1). 


The interpretation of these groups is of course open to ques- 
tion. The negative group undoubtedly includes some cases of 
malaria. This is evident not 
only from the discussion above 
but from the study of Ouden- 
dal.(32) "This author, in a series 
of cases, made both ante- and 
post-mortem spleen examina- 
tions with the results shown in 
Table 5. 

Oudendal concluded logically 
that many factors influenced the 
palpability of the spleen, such às 
its length, width, thickness, con- 
sistency, and weight. Also the 
position of the diaphragm, the 
status of the abdominal wall and 
abdominal cavity, the direction 
of the longitudinal splenic axis, : 1 
and the d eftne 35 of the palp: at- Fig, 1. Diagram ua Sizes according 
ing hand. So the absence of a 
palpable spleen cannot always be considered conclusive evidence 
of an absence of malaria. 


TABLE 5.—Spleen weights from Oudendal. 


¡Palpable ante mortem. 


Spleen weight post mortem. Number. 
$ No. Per cent. 
9. 
110-250: .. A ی‎ al 165 24 14.5 
250-400. А 103 41 37.7 
400-870. " 87 51 58.7 


ВТО ci a А 28 27 96.4 
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As to the significance of the spleens palpable on deep inspira- 
tion, doubt has been expressed by some and confidence by others. 
Darling(30) was the first to use this class of spleens in the meas- 
urement of malaria. He believed that in regions of light en- 
demicity the spleens just palpable on deep inspiration were of 
some value as an indication of malaria, although he recognized 
that this group must be used with дізегітіпабіоп as it undoubt- 
edly includes spleens not malarious. But he believed that when 
intelligently interpreted the smallest palpable spleens as a class 
contributed definitely to the malaria picture. 

One of us (Р. Е. В.) assisted in some studies in the Southern 
United States which seem to have borne out these contentions. 
As reported by Darling, (33) these showed first, that the palpable- 
on-inspiration spleens in negro children may show a high per- 
centage of positive blood smears, as seen in Table 6. 


TABLE 6.—Spleens in negro children, from Darling. 


| Spleen group. 

Nega- |Palpable One Two Three 

tive, |09 inapi- Palpable. finger’ a | fingers’ | fingers” 

ratio breadth. | breadth. | breadth. 

Bil ———ÓÁ— HÀ" 260 110 65 32 56 47 
Positive blood filma in each spleen 

group: 
дар 25 60 45 26 43 43 
9.6 54.5 69.2 81.3 76.8 | 91.6 


Secondly, these studies showed that the palpable-on-inspiration 
spleens are affected by quinine. Darling estimated the weights 
of the different class spleens as follows: 


Negative spleen 75 
Palpable on inspiration 90 
Palpable 105 
One finger's breadth below costal margin 125 
Two fingers” breadth below costal margin 150 
Three fingers’ breadth below costal margin 180 
То umbilicus 220 


These estimates were based in part on Bean's(34) studies. 
Using these estimates, Table 7 illustrates the effect of the 
Bass(35) standard quinine treatment on spleen size in forty-five 
negro children. 
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TABLE 7.—Effect of Bass quinine treatment on spleen size in negro children, 


——À 
| Spleen size, 
Palpable One Two Three 
on inspi- | Palpable. | finger's fingers” fingers’ | Umbilicus.| 
ration, breadth. | breadth. | breadth. 
Number of cases... 11 12 7 11 3 1 
Weight before treat- 11X90 | 12X105 7X125 11x150 3X180 | 1x220 
ca AAA g-- 990 1,260 815 1,650 540 220 
Weight after 8 weeks’ 
treatment... -- g-- 945 1,140 660 1,145 375 90 
Change in weigh -£--| 45 120 215 505 —165 —130 
Change іп weight per 
person............. g-- — 4 — 10 — 80 — 46 — 55 —90 


In a control group of twenty-five negro children who had no 
treatment but were examined each time there were the changes 
shown in Table 8. і 


TABLE 8.—Spleen size in untreated negro children, 


Spleen size, 

Palpable| One Two Three s 
on inspi- Palpable.| finger’s | fingers’ | fingers? | Umbiti- 
ration, breadth. breadth. | breadth. | ев. 

8 8 $ 6 1 0 


720 840 625 900 180 


720 835 480 905 150 
0| — | —25| — 5| — 30 
0 —0.6 — 49 —0.8 — 30 


For a complete analysis of these experiments see in addition 
to Darling, (33) also Collins. (36) 

Another reason for believing that the palpable-on-inspiration 
spleens have malarial significance is the fact that they are not 
found to any extent in nonmalarial localities, but they are found 
in malarious places. The more malaria the greater the num- 
bers of palpable-on-inspiration spleens. For example, one of 
us(37) examined one hundred twenty-one boys in Georgetown on 
Penang Island and found only four palpable-on-inspiration 
spleens, and none larger. In Permatang Ппаз Laut, where ma- 
laria was hyperendemic, twenty-eight palpable-on-inspiration 
spleens were found among a total of sixty enlarged spleens in 
sixty-six examinations. The largest spleen was of pelvic size, 
two were at the umbilicus, and nineteen were from one to four 
fingers” breadth in size, 
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In the present survey it will be noted, as shown in Table 9, 
that in Manila, Lingayen, Cebu, and Navotas, where malaria 13 
not endemie, only eleven palpable-on-inspiration spleens were 
found in a total of four hundred three examinations in which 
there were only twelve enlarged spleens altogether, including 
those palpable on inspiration. In Bambang, Bangui, San Jose, 
and Bulusan, where malaria is endemic, thirty-three palpable-on- 
inspiration spleens were found among a total of one hundred 
twenty-seven enlarged spleens in two hundred fifty-one examina- 
tions. | 

Our present series ої cases having both blood smear and spleen 
palpation is too small to carry much weight. However, it may 
be noted that of fourteen individuals having palpable-on-inspira- 
tion spleen, 9, or 64.3 per cent, also had positive blood smears. 

We believe that this group of palpable-on-inspiration spleens 
in the Philippines has real value in a malaria reconnaissance. 
There are regions, like Ilagan, Isabela Province, where during 
the dry season the small streams become completely dry and 
practically speaking, malaria transmission ceases. During the 
wet season typical A. minimus breeding places abound and there 
is a “fever season.” Our examinations were made in March 
when no anopheles larvæ could be found, in the middle of the 
dry period. We found fourteen palpable-on-inspiration spleens 
in eighty-four children. Only four other spleens were palpated. 
One was class 2 and three were class 1. Without the fourteen 
spleens in the palpable-on-inspiration group the splenic index is 
4.5 per cent. With the small spleens included the index 18 21.7 
per cent. The former figure by itself is of no malarial signif- 
icance yet includes definitely malarious spleens and is in a local- 
ity which has a definitely malarious season. The latter figure 
of 21.7 per cent is probably a much more reliable index as to 
the malarial status of Ilagan because it includes the residual 
spleens from the last malarial season. These small spleens, 
where numerous, probably represent chronic quiescent infections, 
although they may occasionally be indicative of recent but mild 
attacks, and of course may sometimes be without significance. 

As to the significance of the larger spleens we are inclined to 
believe that MacDonald's(38) theories apply in a general way to 
the Philippines. Spleens of size 1 probably represent either 
recent active infections or chronic quiescent malaria. Size 2 
spleens represent perhaps reinfections or relapses in those long 
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infected. Sizes 3 and 4 are due to frequent reinfections in indi- 
viduals whose tolerance is not yet well developed. 

As to the belief that splenic enlargement is constant in tertian 
and quartan infections but variable in zstivoautumnal malaria, 
and that the two former produce a greater enlargement than the 
latter, we have insufficient data to express an opinion. Зее’ 
Stephens and Christophers. (39) 

There was a total of 1,404 enlarged spleens among the 7,810 
individuals examined. This is an index of 17.9 per cent. If 
we assume a population of 13,000,000 (this is the usual assump- 
tion at the present time in the various Government bureaus) this 
indieates roughly a malaria morbidity of 2,300,000. If we as- 
sume the usual prognosis, with a mortality of 1 per cent, we 
could expect a death rate from malaria in the Philippines of 
around 23,000. We believe this figure to be approximately cor- 
rect. Undoubtedly, many deaths are incorrectly attributed to 
malaria, but it is equally true that many malaria deaths are not 
80 reported. 

The map shown as Plate 3 has been prepared to show in general 
these spleen findings. It will be noted that we have arbitrarily 
classified our spleen indices as follows: 


Per cent. 


5 or less Not significant N.S. 
6-10 Faint endemicity Е. 
11-20 МПа endemicity М. 
21-30 Moderate endemicity M. 
31-50 Severe endemicity 5. 
51 or more Hyperendemicity H. 


Tables 9 and 10 represent, respectively, the findings by local- 
ity and size of spleen in the first instance, and age, sex groups, 
and size of spleen in the second instance. In these tables are 
included figures by Ash on Mariveles, Bataan, by Simmons, St. 
John, and Reynolds on Fort Stotsenburg, Pampanga, and by 
George C. Dunham on Bongau and Batobato, Sulu. The figures 
by Ash were compiled in 1922, by Simmons, St. John, and Rey- 
nolds, in 1929, and by Dunham, in 1932. Since the preparation 
of these tables we have secured our own figures on Mariveles. 
Of forty-eight children examined, we found only four palpable- 
on-inspiration spleens, or a positive per cent of 8.4, as against 
the findings by Ash of 31.6 per cent. In addition, we examined 
eleven children at Cabcaben, Bataan, and found one No. 3 spleen 
and five No. 1 spleens, a positive rate of 54.5 per cent. 


TABLE 9.—Spleen survey. By locality and size of spleen. 


Province and locality. 


Antique: 
Pandan... 

Bataan: 
A ———— 


Dinalupihan... 
Hermosa 

Limay.... 
Mariveles. 


Batangas: 


Batangas. 
Cuenca. 


Rosario. 


Tuy..-- 


Population. 


13,892 
339 


1,306 
6,055 
2,891 


16,226 


7,347 
8,141 
8,000 
4,107 
3,150 
3,514 
2,816 
6,336 
7,887 
5,231 

116 


41,089 
7,106 
22,174 
5,847 


---- 


Size of spleen. Positive. 
т Exam- | Neg- 
i ined. ative, 
P.D.L 1 2 Number.) Per cent. 

L 94 31 33.0 
L 76 17 22,4 
L 46 T 15.2 
L 93 6 6.4 
L 4T 8 17.0 
L 115 18 15.7 
L 102 5 4.9 
L 174 18 10.3 
L 107 17 16.0 
L 36 11 30.6 
L 127 9 7.0 
L 56 13 23.2 
L 57 18 31.6 
L 144 8 5.6 
L 152 18 11.8 
L 107 7 6.5 
L 14 10 71.8 
L 86 80 6 7.0 
L 67 49 8 14.0 
L 51 44 7 13.7 
L 104 78 26 25.0 
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Cagayan і 


Iguig........ 
Tuguegarao. 
Camarines Sur: 


Capiz: 


Cebu: 


20,603 
7,009 
5,413 

19,298 


12,681 
9,396 
2,308 


24,458 
65,502 


13,800 
89 

146 
214 


17,598 
10,654 
38,469 


12,025 
638 
17,765 


17,104 
23,279 
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8,032 
7,639 
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TABLE 9.—Spleen survey. By locality and size of spleen—Continued. 


Size of spleen. Positive. 
Province and locality. Population. | T. | Exem- | Neg- 
Р.О. I. 1 2 3 4 Number.} Per cent, 
Laguna—Continued. 
Santa Maria. a 540 | L 37 16 2 7 5 5 2 21 57.0 
Siniloan.. m 3,913 L 83 55 11 10 4 2 1 28 33.7 
La Union 
IUIS A a ея 12,952 L 50 7 14.0 
500 L 51 11 21.5 
550 L 63 15 23.8 
Leyte: 
Carigara. З 17,558 L 86 14 16.3 
Talibong (Biliran Island). E 554 L 32 4 12.5 
Manila: 
American School. 285,806 L 40 1 2.5 
Malate School.. L 15 4.0 
Masbate: 
Мавра caia 10,821 L 99 т 7.0 
Mindoro: 
Camboag. 2 60 8 7 7 100.0 
Caminawet (Mangarin) E 487 L 18 44.4 
San Jose... 7,703 L 78 40 61.3 
1,000 8 10 0 0.0 
1,000 8 3 0 0.0 
2,000 5 51 0 0.0 
500 з 15 0 0.0 
Nueva Ecija: 
Bongabong 4,434 | L 52 26 10 18 2 26 50.0 
209 L 47 85 6 4 2 12 25.5 
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Puncan. 


Bambang.. 
Bayombong. 
Santa Fe... 
Pampanga: $ 
Floridablanca_...-..--.-.--------------------- 
Fort Stotsenburg. 
La Mitra. 


Pangasinan: 
Alaminos.. 
Infanta.. 
Lingayen. 
Mabini (Balincaguin) 

Rizal: 
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o: PH 
Bato-bato. 
Jolo..... 


Maimbung (Jolo) .. 
Manubul Island. 
Pantao (Jolo)___-__-----.--.------------------ 


47 
49 


40 
47 
40 
21 


50 
993 
50 
50 
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47 
100 
50 


39 
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42 
38 
94 


40 
35 
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44 
123 
36 
60 
12 


14 
36 
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TABLE 9.—Spleen survey. By locality and size of spleen—Continued. 


Size of spleen. Positive. 
Province and locality. Population. | Т. Baim ec. و ن‎ 
P. D. I. 1 2 3 4  [Number.| Per cent. 
Зши- Continued. 
і 245| 8 76 66 |-------- 1 1 1 10 13.2 
4,327 5 78 56 |-------- 11 4 dl PA 22 28.2 
Tayabas: 
Atimona: 13,087 L 56 2 3.6 
Lucban.. 12,913 L 50 2 4.0 
12,108 L 49 3 4.1 
12,516 L 48 1 14.6 
6,819 L т 6 7.8 
3,074 L 56 11 19.7 
14,983] L 50 28 46.0 
4,000 | L 38 34 1 2 1|..---.--|-------- 4 10.5 
5,452 L 45 34 5 5 1 11 24.4 
5,164 | L 56 53 1 1 1 3 5,4 
375 L 35 30 1 2 1 5 14.3 
14,169 L 50 46 2 1 1 4 8.0 
Zamboanga: 
ORR a a a aaa Sisi 2,350 | L 144 ЕУЩ EA 63 43.7 
Mercedes... 2,765 | L 65 54 7 11 17.0 
675 | L 52 43 3 9 17.3 
30,798 | L 50 47 1 8 6.0 
4 7,810 | 6,406 529 488 182 135 30 1,404 |---------- 
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TABLE 10.—Spleen-survey totals. By age and sex groups and size of spleen. 


Spleen size. 

Total enlarged. 

Negative. P. D.I J 2 8 4 
Num- | Per jNum-| Per | Num-| Рег |Num-| Per |Num-| Рег |Num-| Per | Num- Per 
ber. | cent. ber. | cent. | ber. | cent. | ber. | cent. | ber. | cent. | ber. | cent. ber. cent. 
2,948 | 79.6 | 276 | 7.5| 2712 | т.з | 106 | 2.9 81 954 | 23.7 
© 4,8 m O A РВ 2 | 22.2 8 5 | 55.5 
59 | 5.7 8j 2.9 21 | 20.4 8| 7.7 7 44 | 42.7 
2,133 | 80.9 | 201! 7.6 | 168 | 6.4 121 2.7 54 504 | 19.1 
742 | 78.8 71 | 7.5 83 | 8.9 24 | 2.5 17 200 | 21.2 
10 | 90.9 1 90:95 5e] A ES O A мъжа EEE 1 9.1 
2,267 | 79.4 | 244 | 8.5 | 205 | 7.2 14 | 2.5 54 | 1.9 1 E! 588 | 20.7 
1 | 33.3 2 | 66.6 |-..----|------ 2| 66.6 
56 | 62.9 2.2 15 | 16.9 5 5.6 8| 9.0 31 3.4 33 | 37.1 
1,837 | 79.9 | 2121 9.2 | 151 6.6 56 | 2.4 34 1.4 т 3 4601 20.0 
373 | 80.0 50| 6.4 39] 8,4 13| 2.8 10 л 1 2 93 | 20.0 
T = 6 К .9 
115 ¡ 60.0 5| 2.6 36 | 18,7 13| 6.8 15 | 7.8 8| 4.2 тт | 40.1 
3,970 | 80.4 | 418 | 8.3| 319 | 6.5 | 128] 2.6 88| 1.8 16 3 964 | 19.5 
1,116 | 79.2 2.6 293 | 20.8 
10 | 90.9 1 9.1 
1,010 | 96.2 40 3.8 
181 | 89.1 . . К 22| 10.8 
6,406 | 82.0 | 529 | 6.8 | 488 | 6.3 | 182] 2.3 135 1.7 30 4 1,404 | 17.9 


Group. 
Exam- 
ined. 

Sex Age. 
All ‚102 
-i 9 
1-4 103 
5-9 2,637 
10-19 942 
20+ 11 
АП | 2,855 
-1 3 
14 89 
5-9 2,291 
10-19 466 

20+ 

wi 
1-4 192 
5-9 4,934 
10-19 | 1,408 
20+ 11 
1 Undetermined age and group.. 1,050 
Undetermined age. 203 
All 7,810 
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These tables show a total of 7,810 children examined with a 
positive rate of 17.9 per cent, there being 1,404 positives in the 
total number examined. It will also be noted that the greatest 
number fell in the age group 5 to 9. This is due to the fact that 
children in the first and second grades of school were examined 
in the great majority of instances. Of the 1,408 falling in the 
age group 10 to 19, but few were over 12 years of age. The 
population figures are not accurate, since they were taken from 
the 1918 census report, the latest available. The “T” in Table 9 
is the technic of examination, standing or lying. There ap- 
pears to be but little difference in the rate as between the sexes 
but there was a higher percentage of positives among the 
younger age groups in both sexes. 


PARASITE STUDIES 


In Table 11 are listed the results obtained in the examination 
of 1,101 thin blood smears taken during our reconnaissance. 
Active antimosquito and antimalaria work is being carried out 
at Fort Stotsenburg and Fort Mills only. In no case were the 
smears taken from selected cases except at Hacienda Mataan 
where only those cases giving positive histories were selected. 
It seems evident that all cases at Fort Mills were contracted 
somewhere else since exhaustive search failed to show the pres- 
ence of the vectors on Corregidor Island at the time the slides 
were taken. In the undetermined column are placed those un- 
doubtedly positive but the type of which could not be determined. 
In all cases slides were examined for thirty minutes unless plas- 
modia were found sooner. It is evident that P. malariz is rare 
and that P. falciparum. and P. vivax are common at all places 
where examinations were made. 

We had opportunity to secure but little evidence as to the cor- 
relation between spleen-positive and malaria-positive cases. In 
Table 12 are given the results in 104 cases. In each case a thin 
smear was used and thirty minutes consumed in examination 
unless found positive before thirty minutes' study. We realize 
that many positives were probably missed due to absence of plas- 
modia in the peripheral circulation. While only 14 palpable-on- 
inspiration spleens are included, it is striking that 64.3 per cent 
showed plasmodia in the peripheral blood. Аз other workers 
have found, the larger the spleen the more plasmodia positives 
did we find. In no case did we select for inclusion in the table 
any person for any other reason except that they had an enlarged 


TABLE 11.—Summary of blood-smear examinations. 


В ай 
Plasmodium Plasmodium Plasmodium Plosmodien 
vivar. falciparum. malaria. P. falciparum. 
Exam- 
Place. Date. ined, 
Num- ‘per сеп] Num- Per cent. Num Per cent.| Num- Per cent, 
Kabasalan, Mindanao . Oct. 1, 1931. 493 50 10.2 48 E 4 0.8 
Gingoog, Mindanao... Dec. 5, 1930. = 271 56 20.7 50 18.5 4 1.5 и 4.1 
Fort Stotsenburg, Pampanga. 1930, 1931, 193: ы 187 5 2.7 
Fort Mills, Corregidor... June 14, 1931 E 107 14 13.1 
Hacienda Natib, Bataa July 4, 1981... 29 14 48.3 
Hacienda Mataan, Bataan.-----.---.-------- July, Nov., Dec., 1931------- 150 30 20.0 
AS | ease noose teen EN E 1,237 169 13.6 
Plasmodium 
vivaz and АП three рага- Undetermined. Positive. Negative. 
Р. malarig. oe 
Place. Date. 
Num Per cent. Num Per cent, ume Рег cent. Num: Per cent.| Num- Per cent. 
Kabasalan, Mindanao. Oct. 1, 1931... 94 19.1 399 | 80.9 
Gingoog, Mindanao.. Dec. 5, 1930_ 1 0.4 3 1.1 73 26.9 198 | 73.1 
Fort Stotsenburg, Pampanga.. 1930, 1931, 1932 5 2.7 182 | 97.3 
Fort Mills, Corregidor... June 14, 1931 18 16.8 89 | 83.2 
Hacienda Natib, Bataan July 4, 1931 16 55.2 13| 44,8 
Hacienda Mataan, Bataan..........| July, Nov., Dec., 1931. 14 49.3 76 | 50.7 
ыт A A Meis dlrs tl 8 0.3 280 22.6 957 | 77.4 
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spleen. No conclusions can be drawn due to the small number of 
cases, but the table is reproduced in order that it may be included 
with other findings of the same character by other workers. 


TABLE 12.—Spleen size and blood smears. 


| Spleen size, | 
Positive smears. 


Not 
paipabie|P:D-1. 1 2 3 4 Total. | 
Examined................-- 79 14 43 27 14 6 104 
PVE e 5 9 18 14 7 5 53 
Do.... рег cent... 6.8 64.3 41.2 52.0 50.0 83.3 50.9 


ANOPHELES RECONNAISSANCE 
TECHNIC 

The collection and handling of mosquito larvze offered a con- 
siderable problem for solution. The dippers used were 4 inches 
deep and had a spout on one side guarded with fine-mesh screen- 
ing so that excess water could be poured out without loss of 
larvz. These dippers had a ferrule into which was inserted a 
3-foot walking cane as a handle. These dippers proved to be 
highly satisfactory for the collection of Philippine anophelines. 
Collections were made by forcing the dipper down into the water 
near collections of bamboo roots, grass, ete., and allowing the 
water to run into the dipper from among the roots or grass. It 
was frequently found that 1агуге were hidden so far up among 
the roots of bamboo that several dips in the same place were 
necessary to dislodge them. 

Larve so collected were removed with a medicine dropper, the 
tip of which had been enlarged, and placed in a half pint fruit 
jar half filled with water from the place in which the larvze were 
collected. These jars were sealed by the use of a jar rubber and 
cap held down by the ordinary device used on fruit jars. The 
number and exact location were noted on a label pasted on the 
jar and an elaborated descriptive note entered in the collection 
book. 

The collection jars were placed in special holding boxes and 
transported until the end of the day. At each prolonged stop 
the jars were opened for the ingress of fresh air. At night the 
collections were carefully inspected; all fourth-stage larvz were 
removed and placed in hot water momentarily to kill and straight- 
en them out. They were then preserved in formalin-filled shell 
vials, numbered and brought to Manila for identification. АП 
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larve smaller than fourth stage were fed a mixture of two parts 
of powdered litmus milk and one part of powdered dried blood 
serum until they were large enough to remove. ¡Some specimens 
were allowed to breed out and the adult mosquitoes identified. 
We have transported live larve for periods up to twenty-one 
days. It was found that the larvze breed out much more slowly 
than in nature. By aérating the water at frequent intervals 
and subjecting the containers to as little agitation as possible, it 
was found that the loss of larve from death was very small. 


CLASSIFICATION 


There has been considerable confusion regarding the specific 
identity of Philippine Anopheles but the history of this question 
cannot be considered in this report. The more recent papers 
bearing on this subject are by Manalang,(40) Baisas,(41) and 
King. (42, 43, 44) Тһе three articles by King are particularly im- 
portant in this regard. Based on a study of the above sources 
and others, and in consultation with W. V. King, we have used 
the following classification of Philippine Anopheles: 


1. Anopheles aitkeni James, 1913. 

2. Anopheles barbirostris Van der Wulp, 1884. 

3. Anopheles filipinz Manalang, 1929. 

4. Anopheles fuliginosus Giles, 1900. 

5. Anopheles gigas var. formosus Ludlow, 1909. 

6. Anopheles hyrcanus var. nigerrimus Giles, 1900. 

T. Anopheles hyrcanus var. sinensis Wiedemann, 1928. 

8. Anopheles insulaeflorum Swellengrebel and Swellengrebel de Graaf, 
1920 (А. aitkeni var.). 

9. Anopheles karwari James, 1903. 

10. Anopheles kochi Donitz, 1901. 

11. Anopheles leucosphyrus Donitz, 1901. 

12. Anopheles lindesayi var. benguetensis King, 1931. 

13. Anopheles litoralis King, 1932. (Salt-water ludlowi.) 

14, Anopheles ludlowi Theobald, 1903. (Fresh-water ludlowi. In the 
past litoralis has also been included as А. ludlowi.) 

15. Anopheles maculatus Theobald, 1901, 

16. Anopheles mangyanus Banks, 1906. (Probably identified in pre- 
vious collections as A. minimus, possibly A. filipine and perhaps 
A. funestus of Manalang.) 

17. Anopheles minimus Theobald, 1901. (4. febrifer Banks, 1914, in- 
cluded chiefly A. mangyanus, probably, but also included А. mini- 
mus and A. filipinz. See King.(44) Manalang's A. funestus 
is chiefly A. minimus but may include sometimes А. mangyanus. 
It may be necessary to call the Philippine minimus, Anopheles 
тіпітиз var. flavirostris Ludlow, 1914.) 

18. Anopheles parangensis Ludlow, 1914. 

19. Anopheles philippinensis Ludlow, 1902. 
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20. Anopheles pseudobarbirostris Ludlow, 1902, 

21. Anopheles subpictus var. indefinitus Ludlow, 1904. (“А, rossi.”) 
22. Anopheles tesselatus Theobald, 1901. 

23. Anopheles umbrosus Theobald, 1903. 

24. Anopheles vagus var. límosus King, 1932, 

It must be borne in mind that this list is not a final one by any 
means. Most of our collections have lot numbers and have been 
deposited in the Bureau of Science collection, Manila, or in the 
collection of W. V. King. Therefore, they will be available for 
reclassification later if necessary. 

In Table 13 the catches of Anopheles larvee are listed by species, 
and by province and town or barrio. The numbers used cor- 
respond to the serial numbers in the above classification list. 
No. 17 is А. minimus and it will be noted that this species was 
found in nearly all parts of the Archipelago. 

In Table 14 are listed the species encountered on this survey 
and the times each was collected. It will be seen that по speci- 
mens of A. leucosphyrus or A. parangensis were caught. The 
species most frequently taken were A. minimus, A. barbirostris, 
: and А. maculatus in the order named. 

Certain species were at times taken together in the same breed- 
ing place. Some of these associations are shown in Table 15. 
Anopheles minimus with A. barbirostris, and A. minimus with 
A. maculatus were the commonest associations. 


BIOLOGICAL CONSIDERATION 


In general, our observations as to the habits of Philippine 
Anopheles are in line with those of Barber et al., (1) Tiedeman, (9) 
Mieldazis, (12) Manalang, (46, 47, 48, 49) and King. (42, 43, 44) 


BREEDING PLACES 


In Table 16 are listed the total number of breeding places 
from which Anopheles larve were taken. In Table 17 these col- 
lections are further classified. 

It will be noted that a fairly wide variety of breeding places 
were sampled. Streams predominated, then rivers and irriga- 
tion ditches in the order named. Four collections were made 
in wells, A. minimus being taken twice in this location. In 
regard to A. minimus breeding in wells, see Russell and San- 
tiago. (50) 

In Table 18 are listed the breeding places of A. minimus and 
А. mangyanus. Where А. mangyanus was found it was usually 
taken in association with A. minimus but the reverse is seldom 
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true. Not until the reconnaissance was almost over was the 
work of King (44) available. 

We had, of course, noticed some variation in the minimus 
larve but until King(44) made the significance of this variation 
clear, we had followed the usual plan of calling these variants 
A. minimus. When it became apparent that A. mangyanus is 
entitled to specific status, King began a reparation of our mini- 
mus collection into the two groups, mangyanus and minimus. 
In Table 19 there is a list of breeding places where A. mangyanus 
was found. In Table 20 is a list showing the reverse, A. mang- 
yanus but not A. minimus. 

It is clear from Tables 13 to 20 that one should not be too 
dogmatic in describing the breeding places of the A. minimus 
group. In any part of the Archipelago, clear, shady streams are 
most apt to harbor larve of this group. Frequently, if bamboo 
is growing along the stream bank the larve are most likely to 
be found breeding among its roots, but A. minimus is a versatile 
creature and does not limit itself to the classical breeding places. 

The fact that our collections could not be standardized as to 
time and area makes it unwise to draw any but general conclu- 
sions as to prevalence and breeding habits of the various species. 
It can be noted, however, that latitude and longitude per se seem 
to have very little influence within this Archipelago on the prev- 
alence and breeding habits of Anopheles larve. We could see 
no essential differences, for example, in the habits of A. minimus 
in Посоз Norte and Balabac, in Cagayan and Davao, in Bohol 
and Jolo. 

MALARIA TRANSMISSION 


No infected mosquitoes were caught during this survey. Epi- 
demiological evidence in the table below points strongly at only 
A. barbirostris and the minimus group. They were usually 
abundant in malarious places and were uncommon or absent in 
nonmalarial spots. . 

With very few exceptions these species, and particularly A. 
minimus and A. mangyanus, were always associated with ma- 
laria. One notable exception was South Ubian Island, in Sulu 
Province. Here, with a spleen index of 28.2 per cent and a clear- 
cut history of malaria, we were unable to find Anopheles larvze. 
There is no fresh water on the island except in water jars, and 
we failed to find Anopheles in these or in salt-water pools. The 
explanation seemed to be clear, however, for the Moros of this 
island are constantly going and coming from Tawitawi, some 


TABLE 13.—Anopheles larve taken during the reconnaissance, listed by province, town or barrio, and species. 


Locality. 


Lot No, 


Date. 


Larve. з 


BATAAN 


оюн 


Breeding places, в 


Remarks. 


446 

In town. 

441.8 

Sinalang River. 


West. 

Near foothills. 
East. 

Shaded. 


566 


aouatag fo пилпог опита эч, 


сеет 


* The species of the mosquito 


Anopheles— 


1. aitkent. 

2. barbirostris. 

8. flipine, 

4. fuliginosus. 

б. gigas var. formosus, 


8-14B 


6. hyrcanus var. nigerrimus. 


7. hyrcanus var. sinenais. 
8. insulaeflorum, 


5, stream. 
R, river. 

P, pool. 

L, lake. 

F, rice field. 


July, 1931 
Nov., 1930 


Anopheles— Anopheles— 
9. karwari. 17. minimus (flavirostris). 
10. kochi. 18. parangensis. 
11. leucosphyrus. 19. philippinensis. 
12. lindesayi var. benguetensis, 20. pseudobarbirostria, 
13. litoralis, 21. subpictus var. indefinitus. 
14. ludlowi (fresh-water). 22. teaselatus. 
15. maculatus, 23. umbrosus. 
16. mangyanus. 24. vagus var. limosus. 


larve collected are indicated by numbers and the 


BREEDING PLACES 


D, ditch, still. 

І, irrigation ditch, flowing 
W, well. 

O, ocean salt water. 

B, bamboo, 


a 


NUNNU 


жи 
aa 


ANA 
ообо 


Town. 
Trail 9 collections. 
Town. 


No larvz found, 


Hacienda Mataan. 


types of breeding places by letters, ss follows: 


G, shaded. 
U, unshaded. 
C, clear. 

M, muddy. 


$‘ 


1125514 ри? пон 


заэчаочу puo ты 


866 


TABLE 13.—Anopheles larve 


Locality. 


taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


Lot №. 


Balanga 


BATAAN—continued 


Larve.» 


Breeding places. + Remarks. 


соаоа 


попофопбосоооооо 


Hacienda Mataan. 


788 


эдиә1ә$ fo үоилтор auiddyiyd 4L 


ZEGT 


Corregidor. 


Dinalupihan 
Hermosa... 

Do. 
Limay.. 
Limay-Bagac. 
Mariveles___ 


Orani... 


Anopheles— 


1. aitkeni, 

2. barbirostria. 

3. filipina. 

4. fuliginosus. 

5. gigas var, formosus. 


6. hyrcanus var. nigerrimus, 


7. hyrcanus var. sinensis, 
8. insulaeftorum. 


5, stream. 
В, river. 

P, pool. 

L, lake. 

F, rice field. 


1-7B | July, 1931 
June, 1931 
1930 
4 | Nov. 4 


2,4, 17, 19, 21 
= The species of the mosquito larvæ collected are indicated by numbers and the types of breeding places by letters, as follows: 


Anopheles— 


9. karwari, 
10. Kochi. 
11. leucosphyrus. 


12. lindesayi var. benguetensis. 


13. litoralis. 

14. ludlowi (fresh-water). 
15. maculatus, 

16, mangyanus. 


BREEDING PLACES 
D, ditch, still. 


I, irrigation ditch, flowing. 


W, well. 
O, ocean sált water, 
B, bamboo. 


No Anopheles larvee found. Entire island 
searched. 


Layac. 
Town. 


Anophelea— 


17. minimus (flavirostris). 
18. parangensis, 

19. philippinensis. 

20. pseudobarbirostris. 

21. subpictus var. indefinitua. 
22. tesselatus. 

23. umbrosus. 

24. vagus var. limosua. 


G, shaded. 
U, unshaded. 
C, clear. 

M, muddy. 


£ ‘Gp 


паззпаг puo NIH 


Sojowdowy pap тмоти 
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TABLE 13.—Anopheles lavvz taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


Locality. Lot No. Date. Larva, Breeding places. ® Remarks. 


BATAAN-—continued 1930 


RATANGAS 


Balilihan 
Calape.. 
Carmen. 
Loon.. 
Tagbilaran.. 


No larvæ found. 


BULACAN 1930 
Dec. 22 | 2,4, 19, 21,24. РИС.---ь+----<- 


988 


эдмәзә$ fo үоилпор auiddyiyd 291 


[1:31 


$—— 01113 


Tungcong Manga. 
Do. әз 

. Do. 
Do. 


CAGAYAN 


Aparri... 
Gattaran_ 


Anopkeles— 


1 
. barbirostria. 

. filipinz. 

. fuliginosus. 

. gigas var. formosus. 

. hyrcanus var. nigerrimus. 
. hyrcanus var. sinensis, 

. insulaeflorum. 


PIS pa со 


aitkeni. 


S, stream. 
R, river. 

P, pool. 

L, lake, 

F, rice field. 


ce a сого 


2, 3, 15, 16. 
4, 19_ 
2, 3, 14, 21, 24_ 
3, 7,15, 17,24... 


Anopheles— 


9. karwari, 

10. kochi. 

11. leucosphyrus, 

12. lindesayi var. benguetensis, 
13. litoralis. 

14. ludlowi (fresh-water). 

15. maculatus, 

16. mangyanus. 


BREEDING PLACES 


D, ditch, still, 

I, irrigation ditch, flowing. 
W, well. 

O, ocean salt water. 

B, bamboo. 


Matuid Creek. 


Lower Alat. 


No larve found. 


Km 31. 


Anopheles— 
17. minimus (flavirostris). 
18. parangensis. 
19. philippinensis. 
20. pseudobarbirostris, 
21. subpictus var. indefinitus. 
22. tesselatus. 
23. umbrosus. 
24. vagus var. limosua. 


С, shaded, 
U, unshaded. 
C, clear. 

M, muddy. 


No larva in river З km south of Iguig. 


8 ‘6b 


Yassny puo пон 


sajaydouy рио DILDIO y 


188 


TABLE 13.—Anopheles larvz taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


Locality. Lot No. ! Date. Larvm.* Breeding places." Remarks. 
СА? 1932 
16А | Apr. 3 -| No laryz found. 
15 
16 7,19,21..- 
New Washington 13 | Feb. 24 | 13,21, 23-- 
Do... i4 |----- do.....1 7, 19, 21.2... ----------- 


CAVITE, 


Mambaling 
Mandawe. 
Do. 
Тарипон 
"Toledo... 


17,20,22 
2, 11,22. 


Кт 7 from Сери, 
Do. 


Km 3.5 from Toledo toward Cebu. 


888 


2242125 fo ppuirof оваацша эч 


e 


Baruyan 
Asido..... 


Kms 566-65. 


2,3, 7, 15,17,22. 
2, 4, 7, 19, 24 


8,1T..... 
2,3, 7, 11. 
2, 17. 


K 608 
K 661 


1 599 


597 
595-596 
591 


588 


515 + 


Laoag River. 


556 
535 


^ The species of the mosquito larvæ collected nre indicated by numbers and the types of breeding places by letters, аз follows: 


Anopheles— 


1. 
2. 
3. 
4. 
5. 
9. 
т. 
8. 


aitkeni, 

barbirostria. 

filipina, 

fuliginosus, 

gigas var. formosus. 
hyrcanus маг. nigerrimus. 
hyrcanus var. sinensis. 
insulaeftorum. 


S, stream. 
R, river, 

P, pool. 

L, lake, 

Е. rice field. 


Anophcles— 


9. Катал. 
30. kochi, 
11, leucosphyrus. 


Anopheles— 


12. tindesayi var. benguetensis, 


18. Hteralis. 

14. ludtowi (fresh-water). 
15. maculetas, 

16. mangyanus, 


BREEDING PLACES 


D, ditch, stili, 

I, irrigation diteh, flowing. 
W, well. 

O, ocean salt water, 

B, bamboo, 


17, minimus (flavirostris), 
18, parangensis, 

19. philippinensis. 

20. pscudobarbirostris. 


21. subpictus var. indefinitus. 


22. tesselatus. 
28, umbrosus. 
24. vagus var. limosus, 


G, shaded, 
U, unshaded. 
С, clear, 

M, muddy, 


£ ‘6b 


позвпар pun yoy 


заоцаону рио тыу 
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TABLE 13.—Anopheles larve taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


Locality. 


Тов No. Date. 


Larvo.” 


Breeding places. a 


Remarks. 


ILOCOS SUR 


} шопо 


19 


2,3. 17, 
2,17,21 


19, 21... 


525.67 


442. None found. 
445. None found. 
447.29 
415.8 


East. 


Southeast of Vigan. 


| На a km north. 


Fishpond. 

Foothill. None found, 
River East. 

Main river. 

Branch of river. 


River. 


078 


Quad 4L 


ос fo тоизтор эта, 


9911910. 


zest 


ISANELA 


LAGUNA 


Santa Маца. 
Do... 


2, 15, 17, 21, 24 
2,4, 7, 17, 21, 24... 
2, 4, 5, 7, 19, 20, 21 
2, 9,17, 


2,19, 1 


| None found in river. All small streams dry. | 


| Macalauan stream. 
Mabzcan branch, 
Hat stream. 
Tangke spring. 
One km north. 
East. 


West. 


South. 


Do. 


Do. 


з The species of the mosquito larva collected are indicated by numbers and the types of breeding places by letters, ms follows: 


Anopheles— 
1. aitkeni. 
2. barbirostris. 
3. filipina. 
4. fuliginosus. 
D. gigas var, formosus, 
6. hyrcanus var. nigerrimua. 
T. hyrcanus var. sinensis, 
8. insulaeftorum. 


S, stream. 
R, river. 

Р, роо}. 

L, lake. 

F, rico field. 


Anophcles— 


9. karwari, 

19. kochi, 

11. leucosphyrua, 

12, lindesayi var. benguctensis. 
18. litoralis. 

14. ludlowi (fresh-water), 

15. maculatus. 

16. mangyanus. 


BREEDING PLACES 
D, diteh, still. 
1, irrigation diteh, flowing. 
W, well. 


O, ocean salt water, 
B, bamboo. 


Anopheles— 


17. minimus (flavirostria). 
18. perangensis. 

19. philippinensis. 

20. pscudobarbirostris, 

21, subpictus var, indefinitus. 
22, tesaclatus. 

28. umbrosus. 

24. vagus var. limosus. 


G, shaded. 
U, unsheded. 
C, clear. 

M, muddy. 


$ ‘6b 


11988] рио пон 


РИ 


MAD 


sopydouy pun 


178 


| 


Locality. 


TABLE 13.—Anopheles larvæ taken during the reconnaissance, listed 


by province, town or 


barrio, and. species— Continued. 


LAGUNA—continued 
Dayap to Pila, 


Pila te Santa Cruz__ 


Lot No. 


ian 


Date. 


Larva. 


Remarks. 


б. 17, 22, 24...- 
2, 4, 6, 7, 17, 2: 


2, 3, 15, 17. 
15,17... 


всем. 
намв.. 


8 G M.. 
PUC. 
IMU. 
SGC. 
ICU. 


Bridge, 81.86 

! Bridge, 89.80 

Bridge, 83.84 

Bridge, 83.84 

Bridge, 83.80 

Between 83.84 and 83.83 
Bridge 83.93 

Bridge 85.62 


Bridge 87.29 
¦ Bridge 87.29 


-| Bridge 87.76 


Bridge 904 

Between 90- and 90.38 
Bridge 90.33 

Bridge 93.25 

Bridge 95.96 

Bridge 95.96 


-| Bridge 96.22 


Bridge 96.90 
Bridge 98.89 
Bridge 100 


| Bridge 100.49 
.; Km 120 


Bridge 117.43 
Bridge 117.21 
Road bridge 85.2 
Bridge 86.1 


578 


2ouoros fo римпор aurddyiyd эЧ, 


Anopheles— 
2. aithent, 
2. barbirostris. 
2, filipina, 
4. fuliginosus, 
5. gigas var. formosus. 
6. hyrcanus var, nigerrimus. 
7. hyrcanus var. sinensis. 
8. insulacftorum, 


8, stream, 
К, river. 

Р, pool, 

L, lake. 

Е, rice field. 


Оаадапаоо 


5 

5 

I 

10, 15, 17. 5 
15, 17... $ 
2, 20.. Р 
15, 17. І 
га, 8, 7, 17. 1 


2, 11.- 
в The species ої the mosquito larva collected are indicated by numbers and the types of breeding places by letters, as follows: 


Anopheles— 


9. karwari. 

10. kochi. 

11. leucosphyrus. 

12. lindesuyi var. benguetensia, 
13. litoralis, 

14. ludlowi (fresh-water), 

15. maculatus. 

16. mangyanus. 


BREEDING PLACES 


D, ditch, still. 

I, irrigation ditch, flowing, 
W, well. 

O, ocean salt water, 

B, bamboo, 


Bridge 89.73 

Malinao River. 
Between Km 91 and 92 
"Bridge 93.67 

Bridge 95.02 

Bridge 95.08 

Bridge 98.14 

Km 99 

Bridge 100.44 


Bridge 102,59 
Bridge 102.95 
103.43 

Sun Diego River. 
106.21 

106 + 

106.44 

207.42 


Anopheles— 
17. minimus (flavirostris). 
18. parangensis. 
19, philippinensis. 
20. scudobarbirostris. 


21. subpietus var. indefinitus. 


22. tesselatus. 
23. umbrosus, 
24. vagus var, limosus, 


G, shaded, 
U, unshaded. 
C, clear. 

M, muddy. 


8 ‘6t 


Hossna pun пон 


Saoydouy pun парту 


878 


TABLE 13,—Anopheles larve taken during the reconnaissance, listed 


Locality. 


LAGuNA—continued 
Nagearlan to Litio... 
Lilio to Magdalena 


Do.—.... 
Calauan to Bay. 


Lot No. 


48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
10 
71 
72 
78 
74 
15 
76 


by province, town or barrio, and species—Continued. 


Іагую, а Broeding places, в 


| 2,7, 17, 24...-- 
| 2,4,6,7,17, 24 


2,17... 
2, 16, 1 
15, 17, 20... 


2, 3, 7, 11, 22 
2, 7, 17, 20. 


107.68 
108.21 
109.33 
110.87 
110.87 
111.20 
12+ 


і 112.95 
; Km 114-116 


Km 75.1 
Km 78. 
Xm 74.4 
Km 72 
Km 72.8 
Km 71,17 


| Km 71.17 


Km 69 
Xm 71.16 
Km 70,92 
Km 70.57 
Km 70.6 
Km 67 
Km 65.38 
Km 65.07 


Кт 65.07 
Km 63.64 
Km 63.23 
Ки 62.85 
Km 62,85 


Remarks. 


vrs 


әоиәіо$ fo pumo; эваачща IYL 


ZEST 


Кш b9.89 
Pansol beach. 
Do. 
Pansol Railroad station, 
Km 58.80 
65 
West ot Calamba School. 
54.31 
62,53 
49,90 
47.95 
47.06 
45.39 
45.06 
45.06 


© ‘Gb 


Tiessng puo пон 


ISGC 43.75 
16 М. 43.38 
IG M. -| 42.90 
2 The species of the mosquito larvz collected are indicated by numbers and the types of breeding places by letters, аз follows; 


Anopheles— Anophelea— Anopheles— 


1. aitkeni. 

2. barbirostrig. 

3. filipina. 

4. fuliginosus, 

B. gigas var. formosus. 

6. hyrcanus var. nigerrimua, 
Т. hyrcanus var. sinensis. 

8. insulacflorum, 


S, stream. 
R, river. 

P, pool, 

L, lake. 

F, rice field. 


9. karwari, 

10, kocki, 

11. leucosphyrus. 

12. Hndesayi var. benguctenais, 
13. litoralis. 
14. ludlowi (fresh-water). 
15. maculatus. 

16. mangyanus, 


BREEDING PLACES 


1, irrigation diteh, flowing. 
W, well. 

O, occan salt water. 

B, bamboo. 


17. minimus (favirostris). 
18. parangensis. 

19, philippinensis. 

20. pseudobarbirostris. 


21. subpictus var. indefinitus. 


22. tessclatus. 
23. umbrosus, 
24. vagus var, limosna, 


G, shaded. 
U, unshaded. 
C, clear, 

M, muddy. 


S0704d0UY pun тыту 


978 


TABLE 13,—Anopheles larvz tuken during the reconnaissance, listed by province, town or barrio, and species— Continued. 


Locality. Lot No. Date. Larve.2 Breeding places. Remarks. 
LAGUNA—continued 
95 42.41 
96 2, 3, 15, 17, 24. | 42.20 
91 6.. E ` 40.20 
98 11. 39.74 
99 6, 17, 24. g 39.25 
100 17. E 39.18 
101 2, 4, 17, 21. 36.55 
102 2, r Pp Near public market, 
103 31.43 
104 31.2 
105 113.79 
106 114.24 
107 114,24 
108 | 115.15 
109 -| Between 116-117 
110 Do. 
111 |1 18.75 
112 | 118.15 
118 118.75 
114 119.85 
115 120.22 
116 120.50 
111 120,60 
118 101.42 clear, shady, ргазву. 
119 Near market, clear shady, grassy. 
120 Between 104-105 clear, shady, shallow. 
121 .| Between 107-108 clear, shallow, open. 
122 Detween 108-109 muddy bamboo. 
128. ES ITI AA M Near 110, muddy, vegetated, shady debris. 


978 


anusws jo үоилпор sudar IYL 


61 


124 UE ET AICA 110+ muddy, shady, roots grasses. $ 
125 1104 muddy, shallow, shady. е 
128 117 muddy debris, 
127 Linga Beach, alg v, grasses. 
128 Pinagbayanan River, lilics, muddy. bamboo. | 
129 | 87.74 clear, shady. і 
130 £ ‚| 2 15, 17.. 86.14 clear, shady. IE 
131 Е 1 15, 17.... 1 Southeast of Alaminos Suhool >. 
San Pablo and Tiaong. 132 | 91.64 ЕЕ 
Do. 133 92.06 3 
194 ! 93,87 i A 
135 96.22 
136 | 98.73 ES 
137 101+ 5 
138 101+ = 
139 14,7,19,21. Santa Cruz Beach, re 
140 [je і 62,84 = 
141 ВЕБ і -.| 88.41 е 
а The species of the mosquito larve collected are indicated by numbers and the types of breeding places by letters, ms follows: 8 
Anopheles— Anopheles— Anophetes є 
1. арені. 9. karwari. 17. minimus (flavirostris). a 
2. barbirostria. 10, kochi. 18. paranyeusis. 3 
3. filiping, 11. leucosphyrus. 19. philippinensis. >. 
4. fuliginosus. 12, lindesayi var. bcnguetensis. 20. pscudobarbirostris. № 
5. gigas var, formosus. 18. litoralis. 21. subpictus var. indefinilus. ES 
B. hyrcanus var. nigerrimus. 14. lndiowi (fresh-water). 22. teseclatus. з 3 
7. hyrcanus var. sinensis. 15. maculatus, 23. umbrosus. = 
В. insuleeflorum, 16. mangyanus, 24, vagus var. liacoxus, = 
ERFEDING PLACES зі Ы 
5, stream. D, ditch, stil, С, shaded. 
R, river. J, irrigation ditch, flowing, U, unshaded. 
P. pool, W, well, C, clear, 
L, lake, O, ocean salt water. M, muddy. [vu] 
F, rice field. B, bamboo. A 


TABLE 13.—Anopheles larvæ taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


l 
Locality. Lot No. | Date. Larva. Breeding places,» 


1 
| Remarks. 
LANAO | 1930 
: | 1 } Dee, 23-26 | 2, 20, 23, 24 Salt-water swamp. 
2 19-1::-- Clear, moderately shaded. 
3 LAA NE | Not shaded. 
LA UNION 
Bauang. 39 Shady Батроо. 
Burgos... 40 2, 3, 15, 17. -|R UC. ---| 309 
Ssitan.... 41 2,3, 15, 11... ----------- 8 GO B...........| 246 
| 
Carigara.. 18 | Feb. — 26 12,11..---—...--.------- | Rapid, clear, 
Talibong (Biliran Island)... ! 19 15, 17, 24... ...--------- 


MINDORO 


2, 3, 7, 17.. Deep, moderately shaded. 


MANILA 
Malacaitang.-..--.-----.....--------. Н 
Malate_._ No larva found. 
Maypajo. 
МАЗПАТЕ 
15 - 
17 15, 16, 17. 
16 2, 3, 15, 17... 


878 


aguang fo pumof омаациа 24 


КАШ 


MISAMIS 
Cagayan.. 


MOUNTAIN 


Го... 
Do... 
Cervantes 


Anopheles 
1. айкена. 
2. barbirostris. 
3. fllipinz. 
4. fuliginosus. 
5. gigas var. formosus. 


6. hyrcanus var. nigerrimus, 


T. hyrcanus var. sinensis. 


Nov, | 30 |3, 17, 19.- 
3,4, 36, 17, 


| Pack and Kisad Roads. 
K 276 
К 277 
Bureau of Forestry. 
Pack Road. 
Camp John Hay. 
Do. 
Do. 
Trinidad Valley, 


May 28| 
Зап., 1931 
Dee, 1231 
--do. 


No larvz found, 


dolo -486G C. -- Do. 
а The species of the mosquito larvie collccted are indicated by numbers and the types of breeding places by letters, as follows: 
Anopheles— Anopheles~— 
9. kerwart. 17. minimus (flavirostris), 
10. Kochi. 18. parangensia, 
11. leucosphyrus. 19. philippinensis. 
12. lindesayi var. benguctenais. 20, psendobarbirostris. 
18. litoralis, 21, subpictus var. indefinitus. 
14, ludlowi (fresh-water). 22. tesselatus. 
15. maculatus. 23. umbrosus, 
16. mangyanus, 24. vagus var. limosus. 


8. insulaefforum. 


5, stream. 
R, river. 

P, pool, 

L, lakt. 

F, rice field. 


BREEDING PLACES 


D, diteh. still. G, shaded, 

I, irrigation diteh, flowing. U, unshaded. 
W, well. С, clear. 

O, ocean salt water, M, muddy. 
В, bamboo. 


$ ‘6b 
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TABLE 13.—Anopheles larve taken during the roconnaissanen , listed by province, town or 


Е: 
г 


barrio, and species— Continued. 


| 
Locality. Lot No. Date. Тагут.а " Breeding places, * Remarks. 
—— 1 p —-— -- | 
NUEVA ECIJA 1932 
Bongabon 2 Mar. 10 


Cabiao... 18 | Mar | 15 
E 1 
E 4 
San ое. — > 3 
NUEVA VIZCAYA 
Bagabag... т | Mar. 1 
Bambang.. ERE do....- 
| Bayombong. 5 8 |... поза 
|| Rosario (Km post 298). = 9 | Mar 12 
Santa Ее..--.------------------- c 5 Mar. 1112,15,17, 21 
OCCIDENTAL NEGROS і i | 
Baeolod..- Н 


2,7,17, 21 К 3-5 north on road to Calisay. 
К 2-5 Talisay. 

Southeast. 

К 2 north. 

50 yd. north. 

Sumeg River, 

К 2 southwest. 

K 1-5 northwest. 


San Carlos. 
По... 


ORIENTAL NEGROS 
Dumaguete.. 


Km 3 south. 
Km 5 south. 


PALAWAN 


Malabuniga River. 
Streams dry; none found. 


Согоп--..- 
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әәнәзәў fo Qou4nop мА эЧ, 


ELGE 


"Puerto Princesa... 


PAMPANGA 


Del Carmen 
Do... 


Floridablanca. 
Ротас..--.- 

PANGASINAN 
Alaminos.. 


Anopheles— 
1. aitkeni. 
2. barbirostris. 
3. filipina. 
4. fuliginosus. 
5. gigas var. formosus. 


6. hyrcanus Var. nigerrimus. 
Т. hyrcanus var, sinensis. 


8. insulacflorum, 


S, stream. 
R, river, 

P, pool. 

L, lake, 

Е, rice field, 


| Маг. 
Маг. д1 
Арг. 
Маг. 30 
1930 
Jan. 6 
Jan. 23 
| Mar. 18 
Feb. 6 
Feb, 19 
-..-.do. 
1932 


14, 17, 21, 24 
4, 14, 17, 21.. 


Anopheles— 


9. karwari. 
10, kochi, 
11, lencosphyrus. 


12, lindcsayi var. benguctensis. 


13. Utoralis, 

14, Iudlowi (fresh-water). 
15. maculatus. 

16. mangyanus. 


MWIEEDING PLACES 


D, ditch, still, 

I, irrigation ditch, flowing. 
МУ, well, 

O, ocean salt water, 

B, bamboo. 


| None found. 

- Balsabang River. 
| Lakendola River. 
Kasuyan River, 
None found. 


1.5 km southeast 
Town. 


Anopheles— 


17. minimus (flavirostris). 


18. parangensis. 
19. philippinensis. 


22, tesselatus, 
23. umbrosus. 


24. vagus var. limosus. 


G, shaded. 
U, unshaded. 
C, clear. 

M, muddy. 


| 1 km east of hospital. 


20. pscudobarbirostria. 
21. exbpictus var. indcfinitus, 


$ ‘6b 
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TABLE 13—Anopheles larva taken during the reconnaissance, listed 


by province, town or barrio, and species—Continued. 


Locality. Lot No. Date. Larvi.* Breeding places. * Remarks. 
= | * 
VANGASINAN—continued 1932 
46 | Jan. B | 17... 0.8 Кш east, 
43 | Jan. т | 11... 0.1 km northeast. 
AZ |... d0:--:- 2, 17, 20. | 202.5 
RIZAL 1930 | 
Antipolo-Las Piñas - - 47 Mar. $ | 14--.-.--..-------------- PUC 
1931 | 
Las Pifias__-.----..--------------+--- 223 | Nov 13 
1932 
19 None found. 
San Francisco del Monte. 
San Juan del Monte. -...-- 
Б SAMAR 1932 
p — —— 20 | Feb. 87 | 3,16----.---- 
Do. 20А |..... do..... 2,15 16,17..... 
O -240v 28 | Mar. 1 j 15,17 
1 33 --12,3, 15, 16, 17. 


Sorsogon. 


Do. 


2, 3, 16, 16, 17_. 
LAE MR 
2, 3, 15, 16, 17 
2, 16, 16, 21, 24. 


298 


с fo wusnor аш@й а 294 


294210 


ZRET 


SULU i 
Astorias, Jolo.. 
Bato-bato___. 
Bongau - 
Jolo, Jolo. 


.| Camp Romandies. 


£ ‘6b 


FOILS 


Maimbong, Jolo.. 
Manubul Island. 
Pantzo, Jolo. .-- 
Siasi Island, 


De... 


Do.... 


28 


28A 
RAR до 
18A | Feb. 

' 20C Feb. 
20A | Feb. 
26 ¡do 
27 | Feb. 


6 


| 11,20. 


Camp Lisit. 


No larva found. 


No fresh water on island. No 1вгую found. 


^ The species of the mosquito larv: collected ave indicated by numbers and the types of breeding places by letters, as follows: 


Anophcles— 
1. aitkeni, 
2. barbirostris. 
3. flipinz. 
4. fuliginoaus. 
B. gigas var. formosus. 
$. hyrcanus var. nigerrimus. 
T. hyrcanus var. sinensis, 
8. insulacflorum, 


S, strcam. 

, river. 
pool, 
lake. 

, rice field. 


мрою ت‎ 


Anopheles— 


9. karwari. 
10. kochi. 
11. leucosphyrus. 


12. lindesayi var. benguetensis. 


13. litoralis, 

14. оё (fresh-water). 
16. maculatus, 

16, mangyanus. 


BREEDING PLACES 


D, diteh, stili. 

I, irrigation ditch, flowing. 
W, well. 

O, ocean salt water, 

В, bamboo. 


Anopheles— 


17. minimus (flavirostris). 
18. parangensis. 

19. philippinensis. 

20. pscudobarbirostris. 

21. subpictua var. indeffnitus. 
22. tesaelat«a. 

23. umbrosus, 

24. vagus var. Итозиз. 


G, shaded. 
U, unshaded. 
С, dear. 

M, muddy. 


| 


125574 puo пон 


sojaydouy pun VD opr 
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TABLE 13.—Anopheles larva taken during the reconnaissance, listed by 


province, town or barrio, and species—Continued. 


Locality, Lot No. Date. Тагут, ® Breeding places. з Remarks, 
* та, Е a E н 
1 
ZAMBALES— continued 1931 { 
Castillejos, 17А | July 30 | 14, 16, 17_.. S G B €...........| Aninguay River. 
178 |...-- Чо----- 2, 17, 24..- SO B Cors Do. 
1932 
Іра. аа-а. 49 | Jan. 8 Town. 
1931 
Olongapo-.--------.--.-- 14 | July 29 Batoc River. 
Donscscicocenéns MB |----- do....- Near Batoc River. 
Olongapo-Dinalupihan 13F | Aug. 1 | 16, 11------- | Beyond Santa Rita. 
ро 136 |----- do...-- 2, 15, 16, 17. Mountain strcam. 


Do.. 
San Antonio. 


16, 17.-- 
11... 


17. 8 
P В 
4, 14, 17,19. 3 

Ay NE В 

8 
`s 
8 
5 
8 
18 
5 
5 
5 
8 


ecanaaooaaoa 


Do. 

Do. 

Do. 
North. 


| Calpalman. 


Foothills north. 


Kayaran stream. 
Near cabaret. 
Near school, 
Southwest. 


998 


әоиәюб fo юимпор этаайща UL 


Zeci 


ТАМПОАМСА 


"The species of the mosquito larva collected are indicated 


Auopheles— 
1. aitkeni. 
2. barbirostris, 
3. filipina, 
4. fuliginosus. 
5. gigas var. formosua. 


б. hyrcanus var. nigerrimus. 


7. hyrcanus var. sinensis. 
8. insulaeftorum. 


S. stream, 
R, river. 

P, pool. 

L, lake. 

Е, rice field. 


101 
102 
103 
104 
106 
106 
107 


16, 17. 
15, 17. 
1, 16, 11. 
16, 17. 
1, 2, 14, 15, 16, 17.....-- 


Anopheles— 


9. karwari, 

10, kochi. 

11. leucosphyrus. 

12. lindesayi var. benguetensia. 
13. litoralis, 

14. ludiowi (fresh-water) 

15. maculatus. 

16. mangyanus, 


BREEDING PLACES 


D, ditch, still, 

I, irrigation ditch, flowing, 
W, well, 

O, ocean salt water. 

В. bamboo. 


Northeast. 


Do. 
Do. 


by numbers and the types of breeding places by letters, ns follows: 


Anopheles— 


‚ minimas (Памігозітіа). 


parangensia, 
phitippinensis. 
pscudobarbirostris, 
subpictus var. indefinitus. 


. tessclatus, 
- umbrosus. 
. vagus var. limosus. 


С, shaded, 
U, unshaded, 
C, clear. 

M, muddy. 


2:66 


nessny pup дон 


H 


sajaydouy pun mummy 
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TABLE 13.—Anopheles larve taken during the reconnaissance, listed by province, town or barrio, and species—Continued. 


с» 
сл 
оо 


Locality. Lot No. Date. i Larva.» і Breeding places, в Remarks. 


ZANEOANCA-— continued 1931 
Kabasalan. 108 
По 109 
Do... 110 
111 
112 
1124 
113 
114 
1144 
115 
116 
117 
118 
118A 
119 
120 
121 
121 
322 
123 
124 
125 
126 
127 


quid эЧ 


dd; 


с fo muanop ә 


221919. 


ZEGE 


Limajon. 


Tumaga... 
Zamboanga. 


12 
15 
16 
17 
13 
14 


100 yds. from town. 
-| 0.5 km from town. 


a The species of the mosquito larva: collected are indicated by numbers and the 


Anopheles— 


1. айкепі. 

2. barbirostris, 

3, filipina. 

4. fuliginosus, 

b. gigas var. formosus, 


$. hyrcanus var. nigerrimus. 


Т. hyrcanus var. sinensis. 
8. insulacfiorum. 


$, stream, 
R, river. 

P, pool. 

L, lake. 

F, rice field. 


Anopheles— 


9. karwari, 
19. kochi. 
11. leucosphyrus. 
12. lindesayi var. benguete: 
13, litoralis. 
14. ludlowi (fresh-water) 
15. maculatus. 
16. mangyanua. 


BREEDING PLACES 


D, ditch, stili. 

Y, irrigation ditch, flowing. 
W, well, 

O, cecan salt water, 

B, bamboo. 


types of breeding places by letters, as follows: 


Anopheles— 


17. 


ngis, 20. 


minimus (flavirostris), 
parangensis. 


. philippinensis. 


peeudobarbirostrig, 


. Bubpictus var. inde finitua. 
. tesselatus, 


umbrosus. 


. vague var. limosus. 


G, shaded, 
U, unshaded, 
C, clear. 

M, muddy, 


£ ob 


позу puo пон 


sapydouy pun MADDY 
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TABLE 14.—Species of Anopheles encountered in survey and number of 
times found. 


R Times 
Serjal Ко. Species, collected. 
1 | Anopheles attkeni. Е 

2 | Anopheles barbirostris.. 254 

3 | Anopheles filipinz.- Е 68 

4 | Anopheles fuliginosus.. Ч 35 

б | Anopheles gigas var. formosus- зай 7 

6 | Anopheles hyrcanus var, nigerrimus. - 17 

7 | Anopheles hyrcanus var. sinensis. 2 48 

| 8 | Anopheles insulae florum... - 14 
9 | Anopheles karwari ------- - 2 

10 | Anopheles kochi.-------.--- 6 

11 | Anopheles leucosphyrus... о 

12 | Anopheles Undesayi var. benguetenet 6 

13 | Anopheles Ногай. 10 

14 | Anopheles ифои acne 25 

15 | Anopheles maculatus. 109 

16 | Anopheles mangyeni 50 

17 | Anopheles minimus. 318 

18 | Anopheles parangen: 0 

19 | Anopheles philippinen 21 

20 | Anopheles pseudobarbirostr: 30 

21 | Anopheles subpictus var. indefinitus. 61 | 

| 22 | Anopheles tesselatus. - 15 
23 | Anopheles umbrosus.. 4 

| 24 | Anopheles pagus var. timosus-.-.------- 53 


TABLE 15.—Association of two or more species of Anopheles in the 
same breeding place. 


Times 

Serial Моз. Species in association. found 
together. 

2 and 17 | Anopheles barbirostris and A. minimus. 178 

15 and 17 | Anopheles maculatus and A. minimus. 101 

16 and 17 | Anopheles mangyanus and A. minimus 25 

2, 15, and 17 | Anopheles barbirosiris, A. maculatus, and A. minimus. 36 

З and 17 | Anopheles filipinz and А. minimus .. $1 

3, 15, and 17 | Anopheles filipinae, A. maculatus, and A. тіпітив. -- 17 

2, 8, and 17 | Anopheles barbirostris, A. filipina, and A. minimus 44 

17 and 24 | Anopheles minimus and A, vagus var. Нзпозиз.. А 21 

2, 17, and 24 | Anopheles barbirostris, A. minimus and А. vagus. 16 

2,17, and 21 | Anopheles barbirostris, A. minimus, and A. subpictus 13 


seven miles west, where they secure their drinking water. 
Whole families go to this island sometimes to spend one or more 
days. Tawitawi is known to be highly malarious. Further- 
more, these people are fishermen and go to the neighboring is- 
lands to spend weeks at a time. Therefore, they have had many 
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opportunities to become infected in places where A. minimus is 
breeding. 

The only other notable exception to the rule of an association 
between malaria and the A. minimus group was at Davao where, 
at Mintol we found а splenie index of only 9.7 per cent among 
Japanese school children who were living on an estate through 
which runs a stream breeding A. minimus larve. Due to the 
economic depression, Paris-green treatment of this stream had 
been discontinued for some months and larve were abundant. 
The low splenic index could be accounted for by the fact that 
these children and all laborers on this estate were compelled to 
use bed nets. There are no exceptions to this rule, and rigid 
supervision is carried out. 

Elsewhere, as noted in the tables, malaria and the A. minimus 
group were always closely associated, but the mere fact of asso- 


TABLE 16.—Breeding places in which collections were made. 


Breeding place. ed 
Streams 818 
Rivers 77 
Irrigation ditches 12 
Pools, fresh water 40 
Pools, salt water 22 
Lakes 6 
Rice fields 4 
Wells á 
Diteh, still, unshaded 2 
Swamp 1 

Total collections 546 


TABLE 17.—Classification of breeding places. 


Brecding place. ышы 
Stream: 

Clear water 266 

Muddy water 44 

Shaded water 174 

Unshaded water 38 
River 17 
Pool, fresh water 39 
Lake 6 
Rice field 4 
Irrigation diteh 72 
Well 4 
Salt-water pool or pond 22 
Other places: 

Ditch, unshaded 2 


Swamp ү 
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TABLE 18.—Breeding places of А. minimus and/or А. mangyanus, 


Collections of 


Anopheles 
Breeding place. 5 minimus and/or 
А. mangyanus. 

Stream: 

Clear water 225 

Muddy water 37 

Shaded water 141 

Unshaded water 23 

Bamboo at edge 12 
River: 

Clear water 47 

Muddy water T 

Shaded water 32 

Unshaded water 23 

Bamboo at edge 17 
Irrigation ditch: 

Clear water 36 

Muddy water 9 

Shaded water 14 

Unshaded water 35 
Other places: 

Pool— 


Stream, shaded, clear 

Stream, unshaded, muddy 

Shaded 

Unshaded 

Unshaded, bamboo roots 
Well— 

Shaded, clear 1 

Unshaded, clear 1 


та на M о 


ciation with malaria is obviously not enough to prove that a 
mosquito is a malaria carrier. It must be remembered that in 
order to be a factor in the transmission of human malaria in 
any given region a species of Anopheles must obviously have 
certain characteristics. It must be distributed in sufficient num- 
bers close enough to habitations. It must desire human in pre- 
ference to anima] blood and strongly enough to enter houses for 
meals. Finally, it must be susceptible to infection. Not a great 
deal is known about the interplay of these factors in the life 
history of Philippine anophelines. 

The first requirement of density in numbers and proximity to 
habitations is fulfilled by a majority of the Philippine Anopheles. 
As to the second factor, very little information is available. 
Only the work of Laurel(51, 52) has been published. This ob- 
‘server found that thirty-one out of thirty-nine blood meals of 
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A. minimus (“funestus”) reacted for human and попе for animal 
tests. The reverse was true of eight other species, including A. 
barbirostris. Of the latter, thirteen were tested; seven reacted 
to cow sera, none to human. 

Anopheles minimus adults are rarely taken inside human 
habitations in the daytime, as noted by Russell,(53,54) but large 
numbers may be trapped if a sleeping human is used for bait. 
See Manalang. (49, 55) Numbers have been caught in bed nets. 
See Barber et al. (1) 

As to the final test; namely, the susceptibility to infection, a 
great deal more information is required. The first work to 
determine susceptibility was done by Banks, (56) who claimed to 
have experimentally infected Myzomyia ludlowi. Since his mos- 
quitoes came from salt water they were probably of the species 
that King has named A. litoralis and which is so-called in our 
classification. This work was inconclusive for, аз Manalang (45) 
points out, Banks may have been mistaken in his diagnosis of 
the sporozoites. 


TABLE 19.—Breeding places where larve of A. minimus but not 
A. mangyanus were taken. 


Collections of 
Breeding place. 


Anopheles 
minimus. 
Stream: 
Clear water 48 
Muddy water 5 
Shaded water 46 
Unshaded water 4 
Bamboo 15 
River: 


Clear water 6 

Muddy water 2 

Shaded water 8 

Unshaded water 1 

Bamboo at edge ы 3 
Irrigation ditch: 


Clear water 12 

Muddy water 

Shaded water 2 

Unshaded water 10 
Pool: 

Stream, shaded, clear 1 

Stream, unshaded, muddy 

Shaded 

Unshaded 5 р 3 


Unshaded, bamboo 
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TABLE 20.—Breeding places where larve of A. mangyanus but not 
А. minimus were taken. 
Collections of 


Breeding place. Anopheles 
mangyanus. 
Stream: 
Clear water 13 
Muddy water 1 
Shaded water 13 
Unshaded water 1 
Bamboo 3 
River: 
Clear water 4 
Muddy water 1 
Shaded water 3 
Unshaded water 2 
2 


Bamboo at edge 
Irrigation ditch: 

Clear water 1 

Muddy water 

Shaded water 


Unshaded water 1 
Pool: 

Stream, shaded, clear 1 

Stream, unshaded, muddy 

Shaded 

Unshaded 1 


Unshaded, bamboo 


The next studies of experimental infection were made by 
Walker and Barber.(57) Table 21 includes only strictly com- 
parative figures and not the totals. Both gut and gland infec- 
tions are included. 


TABLE 21.—Walker and Barber's summary of experimental malaria 
infections in Philippine Anopheles. 


| Infected. 
1 Insects 
Species. dissected. 
Number. | Per cent. 
Anopheles febrifer в___ me 162 108 66.7 
Anopheles maculatu: E 3 2 66.7 
Anopheles rossi Ъ_._ = 187 35 18.7 
Anopheles barbirosts == 100 6 6.0 
Anopheles sinensis. _.. 12 0 0,0 


* Anopheles febrifer included what in our report is A. mangyanus, also А. minimus 
and perhaps А. filipins, 

> Anopheles rossi probably included А. litoralis, A. subpictus v. indefinitus, A. vagus. 
A. sinensis is А, hyrcanus v. sinensis. 
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The remaining published evidence is that of Мапа- 
lang. (45, 46, 47, 55, 58, 59) This observer in thousands of dissec- 
tions of several Philippine species, including А. barbirostris, A. 
fuliginosus, A. hyrcanus var. sinensis, A. karwari, A. maculatus, 
A. minimus ("funestus"), A. philippinensis, A. subpictus var. in- 
definitus ("rossi"), A. tesselatus, and,A. vagus has only found A. 
minimus infected. (Whether the infected individuals did or did 
not include A. mangyanus is uncertain.) On one occasion Ma- 
nalang(60) found a wild-caught A. maculatus infected but this 
was after artificial incubation in a laboratory cage. On another 
occasion one heavily infected stomach was found in A. vagus. (55) 

Therefore, all available evidence, at the present time, points to 
the minimus group as the chief vectors of malaria in the Philip- 
pines, but it would indeed be rash to assume that only this group 
is ever guilty in this Archipelago. 

There is no evidence in our reconnaissance that salt-water Ano- 
pheles play any part in malaria transmission in the Philippines. 
Epidemiologically, our results tend to incriminate the minimus 
group above all others, but our tables do not rule out the dis- 
tinct possibility that other species may occasionally be transmit- 
ting malaria. 

SUMMARY AND CONCLUSIONS 


This paper reports a malaria reconnaissance in two hundred 
fourteen towns or barrios in forty of the forty-eight provinces 
of the Philippine Islands. Five hundred forty-six separate col- 
lections of Anopheles larvæ were made, in which were found 
twenty-two of the twenty-four known Philippine species. These 
collections are analyzed as to type of breeding place, and fre- 
quency and associations of species. A discussion of the classi- 
fication and biology of Philippine Anopheles is presented. 

During this reconnaissance 1,237 blood-smear examinations 
were made. These are reported in the tables together with 7,869 
Spleen palpations. А discussion of spleen palpation in general 
and its application to malariometry in the Philippines is given, 

There is also included a general discussion of climate and alti- 
tude in relation to malaria in the Philippines with appropriate 
maps and notes. As a result of our observations we conclude 
that: 

1. Malaria is a serious and widespread disease in the Philip- 
pines, being prevalent from Ilocos Norte to Tawitawi and from 
Balabac to Samar. 
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2. This disease is not universally or uniformly present in the 
Archipelago. 1t is not prevalent along the low coastal plains, 
on the flat plateaus, or in the mountains above 2,000 feet. It is 
mildly endemic in some places, severely so in others, and hyper- 
endemic in still others. 

3. Malaria and the minimus group of Anopheles are almost 
always directly associated in the Philippines. This observation, 
taken together with published facts as to the prevalence of in- 
fected minimus mosquitoes both in nature and in laboratory 
experiments, leads us to suspect strongly that the chief vectors 
of malaria here are in the minimus group of Anopheles. 

4. The minimus group of Anopheles breeds chiefly in streams, 
rivers, and irrigation ditches, more in shady than open places 
and in clear than muddy water. It distinctly prefers clean, fresh, 
flowing water. But this group is not restricted to these habitats. 
We have found it occasionally in still pools and in wells. We 
have never found it in salt water, in rice fields, or in any water 
at a higher altitude than 2,000 feet. E 

5. In the light of the above conclusions, it is not surprising 
that we also conclude that malaria in the Philippines is primarily 
a disease of foothills. It is found chiefly in two zones; namely, 
that between the coastal plain and higher ground and that be- 
tween this higher ground and the mountains. 

6. Altitudes of less than 2,000 feet, per se, have no marked 
influence on the prevalence of malaria in the Philippines. It is 
change of contour rather than altitude which directly affects ma- 
laria prevalence here. Above 2,000 feet malaria transmission 
apparently does not occur. Our evidence in this respect, al- 
though entirely consistent, is not yet great enough to permit a' 
dogmatic statement. 

1. With due regard to occasional cases of chicken pox, measles, 
and schistosomiasis, we conclude that spleen palpations give as 
good an index in the Philippines, as elsewhere, of the prevalence 
of malaria. 
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ILLUSTRATIONS 


PLATE 1 


Climate map of the Philippine Islands, showing the seasons and the 
rainfall. 
PLATE 2 


Temperature map of the Philippine Islands. 


PLATE 3 


Map of the Philippine Islands, showing places visited during a malaria 
reconnaissance and the endemicity based on spleen index, 


PLATE 4 


Typical Anopheles minimus group breeding stream in Jolo, Sulu Province, 
showing partial shade and rapid flow of water; also the type 
of collecting dipper. 


PLATE 5 


An Anopheles minimus group breeding place along the bank of Cabiao 
River, Laguna Province, Luzon, showing partial shade, bamboo, 
and water hyacinth. 


PLATE 6 


FIG. 1. Santa Fe, Nueva Vizcaya Province, Luzon; altitude, 1,900 feet. 
Malaria is hyperendemic in this town. Note the stream. 
2. The stream at Santa Fe immediately to the left of the area shown 
in the foreground of fig. 1. A breeding place of mosquitoes of 
the Amopheles minimus group. 


PLATE 7 


FIG. 1. A view, toward the north, from Рипсап Barrio, Nueva Ecija 
Province, Luzon. The flat ricefield country stretching south from 
the edge shown in this photograph is not malarious, and does 
not breed Anopheles minimus; but Puncan is directly in the 
transition zone between this flat country and the mountains 
and is highly malarious. Its streams breed mosquitoes of the 
A. minimus group. 

2. Coast line at Pasacao, Camarines Sur Province, Luzon. Note the 
proximity of foothills. This town is malarious. 

3. Pathfinder Estate, Kabasalan, Zamboanga Province, Mindanao. The 
streams and ditches on this estate are breeders of the A. mini- 
mus group; and the estate, situated in the transition zone 
between coastal mangrove swamps and mountains, is malarious. 


TEXT FIGURE 


Fic. 1. Diagram of spleen sizes according to Boyd. 
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PLATE 1, CLIMATE MAP OF THE PHILIPPINE ISLANDS, SHOWING THE SEASONS AND THE RAINFALL. 
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PLATE 2. TEMPERATURE MAP OF THE PHILIPPINE ISLANDS. 
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PLATE 7. 


NEW OR LITTLE-KNOWN TIPULIDJE FROM EASTERN 
ASIA (DIPTERA), XI: 


By CHARLES P. ALEXANDER 
Of Amherst, Massachusetts 
THREE PLATES 


The very interesting crane flies discussed at this time were 
all taken at altitudes of between 3,500 and 11,000 feet on Mount 
Omei, Szechwan, western China, by the Reverend Mr. Franck. 
The genera and subgenera Trichotipula, Macgregoromyia, Adel- 
phomyia, Phyllolabis, Rhabdomastix, Gnophomyia, and Tele- 
neura are herewith added to the Chinese list. I wish to express 
my very deep thanks to Mr. Franck and Mr. Parish for the priv- 
ilege of studying this exceptional series of Tipulidæ. All types 
are preserved in my collection. 


TIPULINÆ 


TIPULA (TRICHOTIPULA) POLYTRICHA вр. nov. Plate 1, fig. 1; Plate 2, figs, 23, 24, 
25, 26. 


General coloration of mesonotum black; thoracic pleura chiefly 
black; antenne black, the basal two segments yellow; knobs of 
halteres yellow at apices ; legs chiefly black; wings cream-colored, 
chiefly concealed by extensive brown seams on cord and other 
veins, and by darkened central areas in the primary basal cells; 
wing membrane with abundant macrotrichia in all cells almost 
to arculus; wing veins with a virtually complete series of tri- 
chia on all veins and crossveins; male hypopygium with the 
ninth tergite tridentate at tip; basistyle and tergite partly fused 
with the sternite. 

Male.—Length, about 11 millimeters; wing, 12.3. 

Frontal prolongation of head short and stout, testaceous 
brown; nasus short but distinct, blackened; palpi black. An- 
tenn (male) of moderate length, if bent backward extending 
about to root of halteres; seape and pedicel light yellow; flagel- 
lum black; basal enlargement of segments relatively small and 
little differentiated; verticils shorter than the segments; terminal 


* Contribution from the entomological laboratory, Massachusetts State 
College. 
373 


1932 


374 The Philippine Journal of Science 


segment long-conical, about one-third as long as the twelfth, 
Front and anterior vertex yellow, the posterior portion of head 
dark brown, with abundant black sete; vertical tubercle incon- 
spicuous or lacking. . 

Pronotum brown. Mesonotum shiny black. Pleura brownish 
black, variegated with paler brown on the sutures, dorsopleural 
region, and meron; sternopleurite with setze. Halteres brown, 
the apices of the knobs conspicuously light yellow. Legs with 
the coxe brownish yellow, the posterior coxe paler; trochanters 

- obscure yellow; femora dark brown, the tips blackened; НЫ 
and tarsi black. (A single leg, fore, remains, this with a single 
tibial spur.) Wings (Plate 1, fig. 1) broad; ground color cream- 
yellow, cells C and Se somewhat deeper yellow; the ground 
largely obscured by broad brown seams to the veins and by lon- 
gitudinal streaks in the centers of cells R, M, distal half of Cu, 
and the anal cells, that in 1st A widened outwardly; stigma dark 
brown, conspicuous; whitish obliterative areas before stigma 
and across cell 1st М,; veins brown. Macrotrichia of cells very 
numerous, including the entire wing excepting the restricted 
bases of cells В, М, Cu, and 186 A (shown by stippled dots in 
the figure) ; cell Cu, without macrotrichia except beyond level 
of m-cu; abundant macrotrichia in the prearcular subcostal cell. 
Macrotrichia of veins long and conspicuous, including all lon- 
gitudinal veins, deflections, and crossveins, as m, r-m, and m-cu; 
a series of trichia on basal portion of the semiatrophied vein 
Cu. Squama with а few long setae that are scarcely to be dif- 
ferentiated from those of the anal fringe. Venation: Rs long; 
Ко entire; m-cu elongate; petiole of cell M, shorter than ог 
about equal to m; cell 2d A of moderate width. 

Abdominal tergites black, the caudal margins and midline 
of the intermediate segments yellowish; sternites more uni- 
formly reddish yellow; outer segments, including hypopygium, 
dark brown. Male hypopygium (Plate 2, fig. 23) relatively 
small and generalized in structure. Basistyle, b, separated from 
the sternite, 9s, by a wide ventral suture, at near apex con- 
stricted and then widened into a glabrous portion that bears the 
dististyles. Ninth tergite (Plate 2, fig. 24, 9t) separated from 
the sternite by a membranous line on about the outer three- 
fourths, but entirely fused on cephalic portion; caudal portion 
of tergite not or only slightly projecting beyond the general level 
of the basistyles; caudal margin, as viewed from above, sub- 
И reden wh three н ыза 

, ch smaller than the laterals. 
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Ninth sternite (Plate 2, fig. 25, 9s) very widely membranous 
beneath, with a narrow median notch, the ventral caudal angles 
produced into slender hairy lobes. Outer dististyle (Plate 2, 
fig. 26, od) relatively narrow, gently arcuated. Inner dististyle 
(Plate 2, fig. 26, 14) with the posterior portion or "heel" ter- 
minating in a flattened oval glabrous blade, the cephalic portion 
a very slender blackened spine. | 

Habitat—China (Szechwan). 

Holotype, male, Mount Omei, altitude 11,000 feet, July 20, 
1931 (Franck). 

The very remarkable Tipula here described requires com- 
parison with none of the known regional species of the complex. 
The presence of macrotrichia on all the veins and in virtually all 
the cells of the wing, including a prearcular group in cell Sc, 
is elsewhere unknown in the genus. І hesitate to propose a new 
subgeneric group on this insufficient material and prefer to 
place it, tentatively at least, in Trichotipula Alexander, the other 
known species of which are Nearctic. The degree of trichia- 
tion of the cells of the wing exceeds that of the better-known 
limoniine genera having hairy wings, as Ula, Adelphomyia, 
Ulomorpha, and even Ormosia. 

TIPULA MUTILOIDES sp. nov. Plate l, fig. 2; Plate 2, figs. 27, 28, 29, 30. 

Allied to mutila; general coloration of mesonotum light gray, 
the preescutum with three darker gray stripes; setigerous punc- 
tures conspicuous; basal segments of antenna light yellow, the 
remainder black; legs black, the femoral bases narrowly yellow: 
wings pale brown, variegated with large whitish areas; Riis 
lacking; abdomen yellow, the basal tergites trivittate with black, 
the outer segments more uniformly blackened; male hypopygium 
with the tergite divided by a narrow membranous pale line; 
eighth sternite projecting as a shovel-shaped structure. 

Male.—Length, about 12 millimeters; wing, 11.5. 

Frontal prolongation of head gray; nasus short and stout; 
palpi black. Antenne of moderate length, if bent backward 
extending about to the base of abdomen; scape and pedicel light 
yellow, flagellum black, the base of first segment paler; basal 
enlargement of flagellar segments only moderately developed; 
verticils shorter than the segments; terminal segment small, 
subconical. Head gray. 

Mesonotal prescutum light gray, with three darker gray 
stripes, the median stripe with a scarcely evident darker median 
vitta; interspaces with conspicuous brown setigerous punctures; 
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posterior sclerites of mesonotum light gray. Pleura, including 
the dorsopleural membrane, gray. Halteres buffy, the knobs 
dark brown. Legs with the coxe gray; trochanters yellow; 
remainder of legs black, the femoral bases narrowly yellow ; tibial 
spur formula 1-2-2; spurs long and straight, hairy; claws 
with basal tooth, the proximal half of each claw hairy. Wings 
(Plate 1, fig. 2) with the ground color pale brown, the prearcular 
region and cells C and Se more yellowish; stigmal region some- 
what darker brown; conspicuous whitish areas on wing disk, as 
follows: At near midlength of Rs, in both cells R, and R; an 
incomplete crossband beyond the cord, including cells R, to 1st 
М.; a large suboval white area at near three-fourths the length 
of cell M; bases of cells Cu and 1st A whitened; veins brown, 
paler in the flavous areas. Maerotrichia of veins relatively 
long and conspicuous, including practically complete series on 
veins beyond cord; vein 1st A with only two or three trichia at 
extreme outer end; vein 2d A with trichia on distal two-thirds; 
Rs without trichia; squama bare. Venation: R,,. atrophied; Ra 
elongate, nearly twice Круз; cell 1st M, relatively small, penta- 
gonal. 

Abdominal tergites light yellow, narrowly trivittate with 
black; on fifth and succeeding segments more extensively dark- 
ened so as to obscure the yellow color; basal sternites more 
uniformly yellow, the outer segments blackened. Male hypopy- 
gium (Plate 2, fig. 27) with the tergite, 9t, entirely separate 
from the sternite, 9s. Basistyle, b, almost completely separated 
from sternite by a suture that is broken near its ventral portion 
for about one-fourth its length. Ninth tergite (Plate 2, fig. 28, 
9t) extensive, heavily blackened, entirely divided by a pale 
median line; apex of tergite more narrowed, the caudal margin 
with a very shallow V-shaped notch; dorsal surface of tergite 
with numerous small sete. Outer dististyle (Plate 2, fig. 29, 
od) a very slender elongate rod. Inner dististyle (Plate 2, fig. 
29, id) relatively narrow, the base projecting caudad as a densely 
setiferous lobule. Ninth sternite with a dense brush of black 
setze lying in the sheathing concavity of the eighth sternite, the 
latter (Plate 2, fig. 30, 8s) projecting caudad as a prow-shaped 
or shovel-like structure, narrowed caudally, the apex narrowly 
pale and provided with numerous setigerous punctures. 

Habitat—China (Szechwan). 

Holotype, male, Mount Omei, altitu , 

1981 (Руні) de 11,000 feet, July 29, 


49,3 Alexander: Tipulide from Eastern Asia, XI 877 


Tipula mutiloides is allied to species such as Т. futilis Alexan- 
der (Japan), Т. edwardsella Alexander (Formosa), and others 
in the eastern Palearctic fauna, differing most evidently in the 


structure of the male hypopygium and details of coloration of the 
body. 


MACGREGOROMYIA SZECHWANENSIS sp, nov. Plate 1, fig. 3; Plate 2, figs. 31, 32. 


Mesonotal preescutum buffy gray, with three brown stripes; 
antennz relatively long; legs with tibiz and tarsi black; wings 
with a brownish tinge, stigma and a broad seam on anterior 
cord dark brown; forks of medial field relatively shallow, cell 
M, less than twice the length of cell 1st M,; inner dististyle of 
male hypopygium with the apical beak long and slender. 

Male.—Length, about 8 millimeters; wing, 8.5. 

Frontal prolongation of head short, buffy brown; palpi dark. 
Antenne (Plate 2, fig. 31) with the scape, pedicel, and basal 
half of first flagellar segment light yellow, the remainder of 
organ black; flagellar segments long, eylindrical, with short 
verticils; basal enlargements of segments only slightly devel- 
oped; flagellar segments beyond the second gradually decreasing 
in length. Head dark brown. я 

Мевопо а! prescutum buffy gray with three brown stripes; 
posterior sclerites of mesonotum dark brown, the postnotum 
sparsely pruinose. Pleura buffy, variegated with dark brown 
on anepisternum, ventral sternopleurite, and meron. Halteres 
pale, the knobs infuscated. Legs with the coxz pale, slightly 
infuscated basally; trochanters yellow; femora dark brown, the 
tips blackened; tibi] and tarsi black. Wings (Plate 1, fig. 3) 
with a brown tinge, the prearcular and costal regions more 
yellowish; stigma and a broad seam on anterior cord dark brown; 
posterior cord and adjoining veins narrowly seamed with brown; 
more whitish areas before and beyond the stigma; veins dark 
brown. Macrotrichia of veins relatively long and conspicuous; 
a few macrotrichia in outer ends of cells R, and M,. Venation: 
Se, present; Rs with basal section transverse, in alignment with 
r-m, the second section of Rs short; Кр lacking; forks of 
medial cells relatively shallow; cell M, less than twice the length 
of cell 1st M,. 

Abdominal segments buffy brown, the basal ring narrowly 
blackened; outer segments, including hypopygium, more uni- 
formly infuscated. Male hypopygium (Plate 2, fig. 32) with 
the lobes of the ninth tergite, 9t, separated by a narrow notch, 
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each lobe not evenly rounded at apex but provided with a very 
shallow notch on outer margin. Outer dististyle, od, long-oval, 
narrowed to the blunt apex. Inner dististyle, id, with the apical 
beak long and slender. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 
1931 (Franck). 

The discovery of two new species of Macgregorom yia in west- 
ern China is a matter of unusual interest, the only other species 
so far discovered being two that occur in the high mountains of 
northern Luzon. The two species described at this time are 
more closely related to M. brevisector Alexander, than they are 
to the genotype, M. benguetensis Alexander, having the short, 
perpendicular, basal section of the radial sector of the former 
species. The Chinese species differ most evidently in the uni- 
formly blackened tibiæ and other details of coloration of the 
body and wings; M. szechwanensis is more generalized in struc- 
ture than is either M. brevisector or M. celestia sp. nov. 


MACGREGOROMYIA CELESTIA sp. nov. Plate 1, fig. 4; Plate 2, figs. 33, 34. 

General toloration of mesonotum brown, the prescutum with 
three darker brown stripes; antennz (male) short, the basal 
segments yellow, the remainder black; flagellar segments with- 
out basal enlargements and with very much reduced verticils 
that are placed at near midlength of the segments; legs brown; 
wings with a faint brownish tinge, the stigma and seams along 
cord, vein Cu,, and marginally from stigma to wing apex brown; 
cell 1st M, small, about one-fourth as long as cell M,; male hypo- 
pygium with the inner dististyle short and broad, with a small 
apical beak. 

Male.—Length, about 11 millimeters; wing, 11. 

Frontal prolongation of head light brown; nasus short but 
evident; palpi with the basal two segments brownish black, the 
third segment dark brown, the terminal segment paling to yel- 
low. Antennz (Plate 2, fig. 33) short; scape, pedicel, and first 
flagellar segment yellow, the remainder black; flagellar segments 
cylindrical, without indication of basal swelling, the segments 
gradually decreasing in length outwardly; verticils very small 
to scarcely evident, placed at near midlength of the segment; 
antennz considerably shorter than in szechwanensis. Head 
light brown. 

Mesonotum brown, the prescutum with three darker brown 
Stripes, the median one becoming paler behind; humeral and 
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lateral portions of prescutum somewhat more grayish; scutal 
lobes and scutellum dark brown. Pleura brown, darker on the 
ventral anepisternum. Halteres long, the stem pale, the knobs 
dark brown. Legs very long and slender; сохае darkened ba- 
sally, their apices light yellow, most extensive on the posterior 
cox; trochanters pale yellow; remainder of legs brown, the 
femoral bases slightly brightened; claws small and nearly simple, 
each bearing a broad tooth near base. Wings (Plate 1, fig. 
4) with a faint brownish tinge, cells C and Зе more yellowish 
brown; stigma oval, dark brown; a clearly defined brown seam 
along cord; narrow seams along vein Cu and in outer end of 
cell R., extending along wing margin to beyond apex; veins black. 
Macrotrichia of veins beyond cord long and conspicuous; anal 
veins without trichia; no trichia in cells of wings. Venation: 
Sc, apparently lacking; Rs with basal section nearly perpendicu- 
lar, fully twice the second section; Ві, preserved as a Short, 
erect spur; cell 1st M, very small, only about one-fourth as long 
as cell M.. 

Abdominal tergites chiefly dark brown, a trifle more bright- 
ened sublaterally just before caudal margin; sternites yellow, 
with a narrow brown basal ring; outer abdominal segments, in- 
cluding hypopygium, more uniformly dark brown. Male hypo- 
pygium having the general structure of the genus; inner disti- 
style (Plate 2, fig. 34, id) of quite different conformation from 
that of szechwanensis, being broad, its apical beak small. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). | 

Macgregoromyía celestia is readily told from М. szechwanensis 
sp. nov. by the larger size, short antennz, and very different 
wing venation, сеї! Ist М, being unusually small when compared 
to cell M,. In its general appearance, the present fly is some- 
what more like M. brevisector Alexander (Luzon), yet quite 
distinct in the venation and in the pattern of the legs and wings. 


LIMONIINZE 
LIMONIINI 
LIMONIA (LIMONIA) FRANCKI вр. nov. Plate 1, fig. 5; Plate 2, fig. 35. 

General coloration gray, the preescutum with a median brown 
stripe; knobs of halteres orange; legs black, only the femoral 
bases narrowly light yellow; wings with a heavy brown pattern, 
cells C and Se uniformly infuscated; m-cu more than its own 
length before the fork of M; male hypopygium with the tergite 
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profoundly split by a median incision, the lobes densely hairy; 
ventromesal lobe of basistyle very long and conspicuous; mesal- 
apical lobe of gonapophysis long and slender. 

Male.—Length, about 7 millimeters; wing, 8.2. 

Female.—Length, about 7 millimeters; wing, 7.8. 

Rostrum and palpi black. Antenne black throughout; fla- 
gellar segments oval, with short, inconspicuous verticils; termi- 
nal segment from one-third to one-fourth longer than the penul- 
timate. Head brownish gray, the center of vertex somewhat 
darker; anterior vertex a little less than twice the diameter of 
the scape. 

Pronotum dark brown. Mesonotum gray, the prescutum with 
a conspicuous dark brown median stripe that becomes obsolete 
before the suture; lateral stripes obsolete or nearly so. Pleura 
gray, sparsely variegated with darker areas where the bloom 
has been denuded. Halteres pale, the knobs orange. Legs with 
the coxe gray, vaguely brightened at tips; trochanters yellow; 
femora black, the bases narrowly light yellow, this equaling about 
one-fifth to one-sixth the total length of the segment; tibiz and 
tarsi black; claws long and slender, with a long basal spine and 
microscopic denticles at extreme base. Wings (Plate 1, fig. 5) 
relatively narrow; ground color pale yellow, the prearcular re- 
gion more intensely yellow; cells C and Se uniformly dark 
brown; a heavy solidly dark brown pattern, distributed as fol- 
lows: A quadrate area at origin of Rs, entirely crossing cell M; 
a very extensive seam along cord, extending from the stigma 
entirely across the wing; outer end of cell 1st M, narrowly 
seamed; extensive darkenings in outer ends of anal cells, most 
extensive in 2d A where the outer two-thirds of the cell is in- 
cluded; wing margin narrowly seamed with brown; veins brown. 
Venation: Se, ending about opposite two-fifths the length of Rs, 
Бе, close to its tip; free tip of Sc, and В, in transverse align- 
ment; R445 elongate, subequal to or exceeding R;,,; cell 1st 
М, about as long as vein Мо beyond it; m-cu a little more than 
its own length before the fork of M; cell 2d A of moderate 
width, the anal veins parallel at origin. $ 

Abdomen black, gray pruinose, the basal sternite more yel- 
lowish; caudal margins of sternites narrowly ringed with pale. 
Male hypopygium (Plate 2, fig. 35) with the tergite, 96, pro- 
foundly divided by a linear median incision, the very broad 
lobes thus formed darkened and provided with very numerous, 
long, coarse setæ that are more abundant near the midline, 
becoming fewer toward the lateral margin. Basistyle, b, rela- 
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tively small but with a very large ventromesal lobe that in a 
position of rest on a microscope slide extends caudad almost to 
the apex of the ventral dististyle, provided with numerous sete, 
those of mesal face near apex very long, erect, light yellow. Ven- 
tral dististyle, vd, fleshy, the rostral prolongation pendant, nar- 
rowed apically, the two rostral spines placed at its base, nearly 
straight, lying flat against surface of style. Gonapophyses, g, 
with the mesal-apical lobes narrowed to a slender, gently curved 
spine. ; 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 11,000 feet, July 18, 1931 
(Franck). Allotopotype, female, altitude 11,000 feet, July 30, 
1931. 

This very distinct fly is named in honor of the collector as 
a slight appreciation of his efforts in making known the crane 
flies of western China. The unusual male hypopygium, in con- 
junction with the basal position of m-cu, furnishes characters 
that render it unnecessary to compare the fly with any of its 
distant relatives. The structure of the rostral prolongation of 
the male hypopygium vaguely suggests that of Limonia (Dicra- 
потта) sordida (Brunetti) and allies, but the present species 
is a member of the typical subgenus Limonia. 

LIMONIA (LIMONIA) LATICELLULA вр. nov. Plate 1, fig. 6. 

General coloration gray, the prescutum with three dark brown 
stripes; antennz black throughout, the basal flagellar segments 
subglobular; femora yellowish brown, the tips narrowly black- 
ened; wings broad, whitish, this color including the broad 
prearcular region, the disk heavily patterned with brown and 
gray; m-cu oblique in position, placed a short distance before 
fork of M; cell 2d A very broad. 

Female.—Length, about 7 to 9 millimeters; wing, 7.2 to 11. 

Rostrum black, pruinose; palpi black. Antenne black through- 
out; basal flagellar segments subglobular to very short-oval, the 
outer segments passing to oval; verticils shorter than the 
segments. Head blackish, sparsely pruinose; anterior vertex 
narrow. 

Mesonotum gray, the prescutum with three dark brown 
stripes, the median one not reaching the suture; scutal lobes dark 
brown. Pleura gray, this color including the dorsopleural re- 
gion. Halteres whitish. Legs with the соха dark, gray prui- 
nose; femora obscure yellow, the tips narrowly but conspicuously 
blackened, the amount not exceeding the distal eighth of the seg- 
ment; НЫ brownish yellow, the tips narrowly brownish black, 
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the degree of darkening less than that of the femoral tips; tarsi 
yellow to brownish yellow, the outer segments dark brown. In 
the Pehlinting paratype, the femoral tips are a little broader and 
the tibiæ more uniformly darkened. Wings (Plate 1, fig. 6) 
broad, the ground color white, including the broad prearcular 
region; a heavy brown and gray pattern, distributed as follows: 
Bases of cells С and Se darkened, the latter more extensively so; 
brown areas at arculus, origin of Rs, at fork of Sc, stigma, along 
cord, and on outer end of cell 1st M,; vague, paler, more-grayish 
clouds in the cubital and outer radial and medial cells; very 
large, grayish brown areas in the outer ends of both anal cells, 
that in cell 2d A being so extensive as to include all but the basal 
third of cell; veins dark brown, costa more yellowish, the pre- 
arcular veins paler. Venation: Sc, ending about opposite mid- 
Jength of Rs, Se, near its tip; Rs angulated and sometimes 
spurred at origin (including type); free tip of Sc, and R, in 
transverse alignment; m-cu oblique, approximately one-fourth 
to one-third its own length before fork of M; cell 2d A very 
wide. 

Abdomen brownish black, the margins of the segments nar- 
rowly but conspicuously paler, gray. Ovipositor with the cerci 
slender and nearly straight; all valves dark reddish horn-color. 

Habitat.—China (Szechwan). 

Holotype, female, Mount Оте, altitude 11,000 feet, July 18, 
1931 (Franck). Paratopotypes, 2 females, altitude 7,000 feet, 
July 17, 1931; 1 female, Pehlinting, Mount Отеі, altitude 6,000 
feet, July 1931. ` 

„Тһе nearest ally of the present fly seems to be Limonia (Limo- 
та) francki вр. поу., which has a somewhat similar wing pattern 
but is readily told by the blackened legs, the narrow wings, with 
m-cu far before the fork of M, and other characters. The 
Pehlinting paratype of the present species is much smaller than 


the type and differs somewhat in the coloration of the legs, as 
described. : 


LIMONIA (LIMONIA) BICORNIGERA вр. nov. Plate 1, fig. 7; Plate 2, fig. 36. 
General coloration reddish yellow, the thoracic pleura with a 
dark brown longitudinal stripe; antennal segments with short, 
glabrous, apical necks; femora brownish black, the НЫ and 
tarsi paler brown; wings tinged with brown; Se, ending just 
beyond midlength of Rs; male hypopygium with ‘the dististyle 
single, its rostral prolongation developed into a powerful bee 
ened, spinelike rod that narrows to an acute tip. і Й 
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Male.—Length, about 5 millimeters; wing, 5.8. 
Femole.—Length, about 5.5 millimeters; wing, 6.2. 
Rostrum dark brown; palpi brownish black. Antenne black 

throughout; flagellar segments short-oval, becoming smaller and 

more elongate-oval outwardly, the segments with Short, stout, 
glabrous, apical necks; verticils shorter than the segments; 
terminal segment a little longer than the penultimate. Head 
gray, the anterior vertex reduced to a linear strip in both sexes. 

Pronotum dark brown. Mesonotum light reddish yellow to 
yellowish testaceous, without distinct markings. Pleura yellow, 
with a conspicuous, dark brown, longitudinal stripe extending 
from the propleura across the central Sclerites, passing beneath 
the wing root to abdomen. Halteres pale yellow, the knobs 
infuscated. Legs with the сохг and trochanters yellow ; femora 
brownish black, the bases obscure yellow; in female, the femora 
more extensively pale; tibize and tarsi light brown, the outer 
tarsal segments darker; claws with a single, slender, subbasal 
spine, with additional more basal spinous sete. Wings (Plate 
1, fig. 7) with a brownish tinge; stigma Subcircular, darker 
brown; veins brown. Venation: Sc, ending just beyond mid- 
length of Rs, Sc, at its tip; free tip of Sc, and R, in approximate 
transverse alignment; m-cu close to fork of M ; anal veins gently 
convergent beyond level of anal erossvein, thence sinuous to 
margin. 

Abdomen brownish black, the basal sternites more brownish 
yellow; hypopygium dark. Male hypopygium (Plate 2, fig. 36) 
with the caudal margin of tergite, 9f, gently emarginate. Ba- 
sistyle, b, with the ventromesal lobe broad. A single dististyle, 
d, the body of which is a small oval setiferous lobe; rostral pro- 
longation a powerful, heavily sclerotized spinelike rod that 
gradually narrows to a gently decurved acute point; surface of 
prolongation with setze scattered over its entire length but with- 
out rostral spines. Gonapophyses, g, blackened and unequally 
bifid at tips. Apical lateral angles of edeagus prolonged into 
narrow points. Ovipositor with the cerci relatively small, slen- 
der, strongly upcurved; hypovalve powerful, straight, dark 
horn-color, blackened basally. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). Allotopotype, female. Paratopotype, female. 

Limonia (Limonia) bicornigera is most nearly allied to the 
eastern Asiatic Г. (L.) machidai (Alexander), agreeing in the 
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general appearance and fundamentals of structure of the hypopy- 
gium. It differs from this species and from all other members 
of the subgenus known to me by the powerful, acutely pointed, 
rostral prolongation of the dististyle. 

LIMONIA (DICRANOMYIA) SUBLIMIS sp. nov. Plate 1, fig. 8; Plate 2, fig. 37. 

Belongs to the pulchripennis group; general coloration black, 
the thorax variegated by areas of yellowish gray pollen; wings 
white, with a heavy brown pattern, including about five costal 
areas that are solidly darkened in the costal and subcostal fields 
but with conspicuous white centers in cell R; male hypopygium 
with two spines on the rostral prolongation of the ventral dis- 
tistyle. 

Male.—Length, about 7 millimeters; wing, 8.3. 

Female,—Length, about 8 millimeters; wing, 8.5. 

Rostrum and palpi black. Antenne with the scape black, the 
remaining segments dark brown; flagellar segments oval, the 
outer segments more elongate-oval, the verticils subequal to or 
Shorter than the segments. Head grayish brown, the narrow 
anterior vertex more yellowish gray; a blackish area on either 
side of the narrow median line on the anterior portion of the 
posterior vertex. 

Mesonotal preescutum yellowish gray, with three conspicuous 
black stripes, the median stripe broad and complete, the lateral 
stripes small; lateral margins of sclerite blackened; posterior 
sclerites of mesonotum blackish. Pleura variegated with black 
and yellowish gray pollinose areas. Halteres almost white, the 
knobs blackened. Legs with the соха and trochanters black; 
femora yellow, the tips broadly and conspicuously blackened; 
tibise yellow, the bases blackened, the amount about equal to 
one-half the femoral apex; tips of tibiæ blackened; tarsi black, 
the proximal third of basitarsi paler; claws long, with a single 
slender basal spine, with additional microscopic denticles nearer 
the base. Wings (Plate 1, fig. 8) with the ground color white, 
the prearcular region light yellow; a very heavy brown pattern, 
including about five costal areas that are much wider than the 
interspaces, the third area at origin of Rs, the fourth at stigma; 
all costal areas solidly darkened in cells C and Sc, the first four 
with conspicuous white centers where they occupy the radial 
field; costal darkenings not narrowed posteriorly (as is the case 
in frivola and shirakii) ; wing apex solidly but not quite so in- 
tensely darkened; narrower clouds along cord and outer end of 
cell 1st M,; more grayish brown clouds in medial field and as 
large areas at ends of veins Cu,, 1st A, and 2d А, the latter 
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more intensely darkened at their margins; a further pale gray 
wash across the middle of the anal cells; veins pale, brown in 
the darkened areas. Venation: Se, ending about opposite one- 
third to one-fourth the length of Rs, бс, apparently lacking; 
m-cu about one-third or more of its length before the fork of 
М; cell 2d A of moderate width. 

Abdomen black, the caudal margins of the segments very 
narrowly paler; hypopygium dark. Male hypopygium (Plate 
2, fig. 37) with the rostral prolongation of the ventral dististyle, 
vd, very short and stout, with two spines that exceed in length 
the entire prolongation, these spines placed close together on the 
summit of the prolongation. Gonapophyses, g, with the mesal- 
apical lobe relatively slender and gently curved. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 11,000 feet, July 18, 
1931 (Franck). Allotopotype, female, altitude 11,000 feet, 
July 17, 1931. 

The pulchripennis group of Dicranomyia includes several un- 
usually handsome species, all having the body coloration black, 
variegated with yellowish gray, the knobs of halteres blackened, 
the tips of femora and bases and tips of tibiz conspicuously 
blackened, and with a heavy brown wing pattern that includes 
several costal areas. The group divides into two subgroups, of 
which the typical one, including pulchripennis (Brunetti), of 
northern India and western China, and subpulchripennis Alex- 
ander, of western China, have the intermediate dark marginal 
areas of the front part of wing variegated by pale centers in 
the costal cell and have a single elongate spine on the rostral 
prolongation of the male hypopygium. The second subgroup, 
including the present fly, frivola Alexander, of Formosa, kirishi- 
mana Alexander, of southern Japan, and shirakii (Alexander), 
of Formosa, have the marginal areas solidly darkened in cell 
C and with two spines on the rostral prolongation of the male 
hypopygium. The present fly is closest to kirishimana in its 
general characters, differing most evidently in the larger size, 
clear white centers of the intermediate costal areas of the wing, 
where these latter occupy cell Е, and by the narrowly darkened 
seams to the clouded areas along the anal margin of wing. 


HELIUS (HELIUS) INFIRMUS sp. nov. Plate 1, fig. 9; Plate 3, fig. 38. 

Allied to tenuistylus; general coloration dark brown; legs 
dark brown, the tarsi paling to brownish yellow; wings with a 
Strong grayish brown suffusion, the stigma darker; costal 
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fringe (male) short; Rs only a little shorter than its anterior 
branch. 

Male.—Length, about 7.5 millimeters; wing, 7. 

Rostrum about one-fourth longer than the remainder of head, 
brownish black; palpi black. Antenne short, black throughout; 
flagellar segments oval, becoming more elongate-oval outwardly; 
outer verticils much exceeding the segments. Head blackish. 

Pronotum, mesonotum, and pleura dark brown, the ventral 
pleurites a little more brightened. Halteres dark brown. Legs 
with the coxe and trochanters brownish testaceous; femora and 
tibiae chiefly dark brown; narrow tips of tibiz and most of tarsi 
paling to brownish yellow. "Wings (Plate 1, fig. 9) with a strong 
grayish brown tinge, cells C and Se somewhat darker; stigma 
elongate, still darker brown; veins brownish black. Costal 
fringe (male) short. Venation: Sc, ending just before the fork 
of Rs, Sc, near its tip; Rs relatively long, only a little shorter 
than its anterior branch; second section of Муза little longer 
than the oblique m, so the inner end of cell 2d M, lies proximad 
of that of cell M,; m-cu shortly before fork of M. 

Abdominal tergites brownish black, the basal sternites obscure 
brownish yellow, the outer segments darker. Male hypopy- 
gium (Plate 3, fig. 38) with the mesal face of basistyle, b, near 
base with а conspicuous spiniferous lobe. Outer dististyle, od, 
gently eurved, blackened, the apex very indistinctly toothed. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 4,500 feet, July 17, 1931 
(Franck). 

Helius (Нейиз) infirmus is most nearly allied to Н. (Н.) 
costofimbriatus Alexander (Riukiu Islands) and Н. (H.) tenui- 
stylus Alexander (Formosa) in the venation and general struc- 
ture of the male hypopygium. It differs from the former in the 
short costal fringe of the male sex; from the latter species it 
differs chiefly in the long Rs and slight details of the male 
hypopygium. 

ANTOCHA (ANTOCHA) CONSTRICTA sP. nov. Plate 1, fig. 10; Plate 3, fig. 39. 

General coloration gray; antennz dark brown throughout; 
flagellar segments elongate-oval, the outer ones becoming 
smaller; femora yellow, the tips infuscated ; wings milky white, 
the stigma barely indicated; cell 1st M, long, m-eu at fork of 
M; male hypopygium with each gonapophysis bearing a small 
lateral Spine near apex; arms of phallosome powerful, each 
bearing a strong curved Spine on mesal face at midlength. 
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Male.—Length, about 5 to 5.3 millimeters; wing, 6 to 6.2. 

Rostrum and palpi brown. Antenne dark brown throughout; 
flagellar segments elongate-oval, the outer segments becoming 
smaller and shorter, the terminal segment about two-thirds as 
long as the penulimate; verticils small and inconspicuous. 
Head light gray. 

Pronotum brownish yellow, narrowly dark brown medially. 
Mesonotum gray, the humeral region restrictedly obscure yel- 
low. Pleura, including Dleurotergite, obscure yellow, very 
sparsely pruinose. Halteres pale, the knobs weakly infuscated. 
Legs with the coxe and trochanters obscure yellow, the fore 
coxa a trifle darker; femora yellow, the tips rather broadly and 
conspicuously infuscated; tibim yellow, the tips insensibly 
darkened; tarsi yellow, the outer segments brown. Wings 
(Plate 1, fig. 10) milky white, the prearcular region even clearer 
white; stigma barely indicated; veins brown, paler at the wing 
base. Anal angle of wing moderately developed. Venation: 
R2+3 only a trifle longer than Ван; cell 1st M, long, exceeding 
in length any of the veins beyond it; m-cu at fork of M, the 
distal section of Cu, more than one-third longer than m-cu. 

Abdominal tergites brown, the basal sternites more yellowish; 
hypopygium dark. Male hypopygium (Plate 8, fig. 39) with 
the tergite, 9t, transverse, unusually narrow, the posterior 
margin constricted at near midlength, the greatest width 
(transverse) being about six times the length at narrowest 
point (longitudinal) ; tergal sete numerous but confined to the 
caudal half of Ше segment, the more lateral sets larger and 
powerful. Dististyles nearly terminal in position, the outer, od, 
shorter, the distal half heavily blackened, the apex obliquely 
truncated so the lower apical angle is subacute. Gonapophyses, 
0, long and slender, pale, before apex on outer margin with a 
slender spine that is not more than one-half as long as the 
stouter axial point. Phallosome, p, appearing as а somewhat 
lyrate plate, each arm stout and powerful, at near midlength 
on mesal face bearing a stout curved spine; outer margin near 
this same point with a small tubercle, larger and more conspic- 
uous in the paratype than in the holotype figured. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). Paratopotype, male. 

The branched gonapophyses and arms of phallosome of the 
hypopygium separate the present species from all regional allies, 
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with the exception of Antocha (Antocha) multidentatu sp. nov., 
which is most readily told by genitalic characters. 


ANTOCHA (ANTOCHA) MULTIDENTATA sp. nov. Plate 3, fig. 40. 

General coloration of mesonotum brown, sparsely pruinose, 
the lateral margins of the prescutum obscure yellow; antenne 
dark throughout; knobs of halteres weakly infumed; legs obscure 
yellow, the outer tarsal segments darkened; wings whitish sub- 
hyaline, sparsely variegated with darker; m-eu close to fork 
of M; male hypopygium with both the gonapophyses and lateral 
arms of phallosome bearing small lateral spines. 

Male.—Length, about 4.5 to 5.2 millimeters; wing, 5 to 5.8. 

Female.—Length, about 6 millimeters; wing, 6.5. 

Rostrum light brown; palpi brown. Antenne dark brown 
throughout; flagellar segments oval, with very small, inconspic- 
uous verticils. Head dark brownish gray. 

Mesonotal preescutum chiefly covered by three brown stripes 
that are confluent or nearly so, the lateral margins and median 
area before the suture obscure yellow; posterior sclerites of 
notum dark brown, sparsely pruinose. Pleura obscure yellow, 
vaguely marked with darker on the ventral sternopleurite. 
Halteres pale, the knobs weakly infuscated. Legs with the fore 
сох darkened, the remaining сох and all trochanters yellow; 
remainder of legs obseure yellow, the outer tarsal segments more 
infuseated. Wings whitish subhyaline, the stigma and vague 
seams to most of the longitudinal veins slightly darker than 
the ground color, the seams most evident as darkened veins 
inclosed by somewhat paler brown margins; costal region clearer 
yellow; veins pale, those beyond cord, Cu, 2d A, and outer half 
of 1st A somewhat darker. Venation: R, lying opposite or 
slightly distad of r-m; cell 1st M, as long as or slightly longer 
than the cells beyond it; m-cu at or a very short distance before 
the fork of M. 

Abdominal tergites dark brown, the caudal margins a trifle 
paler; sternites a little paler brown than the tergites; subter- 
minal segments a trifle darker than the base; hypopygium brown- 
ish yellow. Male hypopygium (Plate 3, fig. 40) with the tergite, 
9f, transverse, the caudal margin gently emarginate. Outer 
dististyle, od, relatively short, the outer end blackened, the apex 
very obliquely truncated, so the extreme tip is subacute. Со- 
napophyses, g, branched near outer end, the axial spine being 
longer and stouter than the weak lateral spine, the reverse 
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of the condition obtaining in species such as constricta. and spi- 
ralis. Arms of phallosome, p, somewhat lyriform, narrowed 
to acute points, on margin at about one-third the length bearing 
a slender acute branch. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 3,500 feet, August 17, 
1931 (Franck). Allotype, female, altitude 7,000 feet, July 17, 
1931. Paratypes, 2 males, with the allotype; 1 male, altitude 
3,500 feet, August 16, 1931. 

Antocha (Antocha) multidentata is readily told from all 
regional species by the structure of the male hypopygium. The 
most similar species is A. (А.) constricta sp. nov., which has 
a very different conformation of the outer structures of the phal- 
losome. 


ANTOCHA (ANTOCHA) SPIRALIS sp. пот. Plate 9, fig. 41. 

General coloration gray; antennz black throughout, short; 
halteres and legs brown; wings gray, the prearcular region milky 
White; abdomen brownish black, the hypopygium brighter; male 
hypopygium with the gonapophyses branched near tips; lateral 
arms of phallosome slender, simple, before apex twisted into a 
complete spiral turn. 

Male.—Length, about 4 millimeters; wing, 4.5. 

Rostrum yellowish brown; palpi black. Antenne black 
throughout, short, if bent backward not attaining the wing root; 
flagellar segments short-oval, the verticils short and incon- 
spicuous. Head broad, dark gray. 

Mesonotum and pleura uniformly dark gray. Halteres brown- 
ish black, the base of stem narrowly pale yellow. Legs with the 
coxe yellow, Ше fore and middle coxze more infuscated; tro- 
chanters obscure yellow; femora brown; ИБ and tarsi dark 
brown to brownish black. Wings grayish, the prearcular region 
milky white; veins brown. Venation: Cell 156 М, relatively 
small; m-cu a short distance before the fork of M. 

Abdomen brownish black, the disk of the basal two tergites 
vaguely brighter; hypopygium brownish yellow. Male hypo- 
pygium (Plate 3, fig. 41) with the outer dististyle, od, moderately 
sclerotized, the apex obtuse. Gonapophyses, g, very slender, 
with a subterminal spine on outer margin, this much smaller 
and weaker than the inner or axial branch. Lateral arms of 
phallosome, р, simple, very slender, before apex twisted into a 
complete spiral turn. 
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Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 3,500 feet, August 17, 
1931 (Franck). 

The curious conformation of the lateral arms of the phal- 
losome of the male hypopygium suffices to distinguish the pres- 
ent fly from all of its now numerous regional allies. There 
are now more than a score of species of Antocha in Japan and 
China, with no fewer than nine distinct forms occurring on the 
single peak, Mount Omei. 

ANTOCHA (ANTOCHA) NIGRIBASIS sp. nov. Plate 1, fig. 11; Plate 3, fig. 42. 

General coloration pale yellow, including the head, thorax, 
abdomen, and halteres; legs yellow, the tips of the femora nar- 
rowly brownish black; wings milky white, the prearcular re- 
gion and areas on the wing disk brownish black; R, lying far 
basad of r-m ; m-cu about one and one-half times its own length 
before the fork of M; male hypopygium with the phallosome 
asymmetrical, consisting of a single elongate spine subtending 
the sedeagus. 

Male.—Length, about 4.5 to 4.7 millimeters; wing, 5 to 5.3. 

Rostrum yellow; palpi pale basally, the outer segments passing 
into brown. Antenne short, pale yellow; flagellar segments 
oval, the longest verticils about equal to the segments: Head 
pale yellow. 

Thorax pale yellow, the seutal lobes very weakly darkened. 
Halteres pale yellow. Legs pale yellow, the tips of the femora 
narrowly and conspicuously dark brown to brownish black; in 
one paratype, the tips of the tibie are similarly darkened but 
somewhat more narrowly so; outer tarsal segments darkened; 
claws with a small tooth at base. Wings (Plate 1, fig. 11) 
milky white, handsomely variegated with brownish black, as 
follows: Prearcular cells; a cloud at origin of Rs; stigma; narrow 
seams along cord, m-eu, outer end of cell ist M., and along the 
veins issuing from cell 1st M,, the dark color beyond cord being 
indicated mostly by the darkened veins; veins pale, brown in 
the darkened areas; costal region brighter yellow. Venation: 
В» only a little shorter than Rays, the latter about one-third 
Ruts В, thus lying far proximad of r-m; veins issuing from 
.cell 1st M, divergent; m-cu more than one and one-half times 
its own length before the fork of M. 

Abdomen yellow. Male hypopygium (Plate 3, fig. 42) with 
the tergite, 9t, transverse, the caudal end gently emarginate and 
weakly crenulate, with numerous sete.  Dististyles subterminal 
in position, the outer, od, a sclerotized, ribbonlike blade. Сопа- 
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Pophyses, g, appearing as straight, simple blades, their tips acute. 
Phallosome, р, appearing asymmetrical, consisting of a single 
curved spine subtending the elongate зедеариз. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 4,000 feet, July 14, 1931 
(Franck). Paratopotypes, 2 males, with type; 1 male, August 
10, 1931. 

Antocha (Antocha) nigribasis is very distinct from all other 
described regional species of the genus in the pale yellow colora- 
tion of the body, in conjunction with the narrowly blackened 
tips of the femora, the darkened wing bases, the proximal 
position of m-cu, and the structure of the male hypopygium. 
ANTOCHA (ANTOCHA) BIDENS sp. nov. Plate 1, fig. 12; Plate 3, fig. 43. 

General coloration yellow, the prescutum with four brownish 
gray stripes, the lateral pair crossing the suture onto the lateral 
portions of the scutal lobes; postnotal mediotergite dark, the 
cephalic lateral portions pale; pleura and pleurotergite yellow, 
variegated with brown; wings white, the longitudinal veins con- 
spicuously darkened; distal segments of abdomen dark brown, 
much darker than the basal segments; male hypopygium with 
the caudal margin of tergite bilobed; apex of outer dististyle 
bidentate; gonapophyses and lateral arms of phallosome simple. 

Male.—Length, about 4 to 5.5 millimeters; wing, 4.5 to 6.2. 

Female.—Length, about 5 to 6.5 millimeters ; wing, 5.5 to 7. 

Rostrum pale brown; palpi brownish black. Antenne brown 
throughout; flagellar segments oval, the verticils shorter than 
the segments. Head obscure yellow. 

Mesonotum obscure yellow, the przeseutum with four brownish 
gray stripes, the intermediate pair contiguous to nearly con- 
fluent, ending some distance before the Suture; scutum yellow, 
the lobes darkened by caudal extensions of the lateral prescutal 
stripes; scutellum dark, with a small median yellow triangle 
at base; postnotal mediotergite dark, the cephalic-lateral angles 
paler; pleurotergite pale yellow, the ventral margin dark brown. 
Pleura yellow, variegated with brown, this color including the 
ventral anepisternum and the more extensive ventral sterno- 
pleurite. Halteres pale, the knobs light yellow. Legs with the 
fore coxe infuscated, the remaining coxe and all trochanters 
pale yellow; remainder of legs yellow, the outer tarsal segments 
brownish black; claws each with a basal spine. Wings (Plate 
1, fig. 12) white; stigma brown, elongate-oval, the costal mar- 
gin adjoining stigma more yellowish; longitudinal veins, with 
the exception of M and basal half of 1st A, narrowly seamed 
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with brown, the veins being darkened, pale in the ground areas. 
Venation: Se, ending a short distance before end of Rs; R, and 
r-m in nearly transverse alignment; cell 1st M, long, equal to 
the longest vein beyond it; m-cu at or only a short distance 
before fork of M. 

Male with the abdominal tergites pale brown, with a capillary 
darker median line; segments 6 to 9, including hypopygium, 
more uniformly dark brown; female with abdomen more uni- 
formly pale, the segments variegated with brown, the caudal 
margins narrowly yellow; terminal segments, including ovipo- 
sitor, darker brown to brownish black. Male hypopygium 
(Plate 3, fig. 43) with the tergite, 9t, transverse, the broad 
median portion produced, at the lateral ends of this area with a 
small obtuse tubercle; caudal margin of tergite incised medially. 
Outer dististyle, od, flattened, black, the apex unequally bifid. 
Gonapophyses, g, appearing as slender, simple rods, the tips very 
narrow, acute. Phallosome, р, with the lateral arms appearing 
as flattened blades, the two taken together appearing sublyri- 
form. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 3,500 feet, August 17, 
1931 (Franck).  Allotopotype, female, August 16, 1931. Para- 
topotypes, 3 males, 4 females, August 16 and 17, 1931. 

Antocha (Amtocha) bidens is very distinct from all regional 
species of the genus. The handsomely variegated wings, in 
conjunction with certain details of the male hypopygium, as the 
bituberculate ninth tergite and notched outer dististyle, furnish 
eharacters that are distinctive. 


HEXATOMINI 
ADELPHOMYIA LATISSIMA sp. nov. Plate 1, fig. 13; Plate 3, fig. 44. 

General coloration of mesonotal prescutum bright brown, the 
posterior sclerites of the mesonotum darker brown; antenne 
black throughout; legs brownish yellow; wings (male) broad, 
widest opposite the termination of vein 2d A; macrotrichia of 
cells very sparse, restricted to about eight in extreme outer ends 
of M В, and R,; abdominal tergites dark brown, hypopygium 
yellow. 

Male.—Length, about 4.5 millimeters; wing, 5.5 by 1.8. 

Rostrum and palpi brownish black. Antennz black through- 
out; basal flagellar segments long-oval, the outer segments more 
elongate, the verticils exceeding the segments ; terminal segment 
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a little longer than the penultimate. Head dark brown; anterior 
vertex broad. 

Pronotum dark brown. Mesonotal przscutum bright brown, 
the posterior sclerites of notum darker brown to brownish black. 
Pleura yellowish brown on ventral sclerites, darker brown dor- 
sally. Halteres weakly infuscated, the base of stem narrowly 
yellow. Legs with the fore cox brownish yellow, the remaining 
coxæ more testaceous-yellow; trochanters yellow; remainder of 
legs pale brownish yellow; tibial spurs distinct. Wings (Plate 
1, fig. 18) with a pale brownish tinge, the prearcular and costal 
regions somewhat more brownish yellow; stigma slightly darker 
brown than the ground; veins pale brown. Wings (male) wide, 

‚ broadest opposite termination of vein 94 А ; macrotrichia of cells 
restricted to about five in outer end of cell R, and about three 
in outer end of cell R,; macrotrichia on veins beyond cord, basad 
of cord being found on R,, outer three-fourths of Rs, outer por- 
tion of M and basal section of Cu,, distal half of 1st A, but vir- 
tually lacking on 2d A. Venation: Sc, ending opposite fork 
of Rs, Sc, some distance from its tip, Se, alone being nearly as 
long as m-cu; Rs weakly angulated at origin; R, a little longer 
than Вода ; г- long, gently arcuated; cell M, small; m-cu before 
midlength of cell 1st M,; vein 2d A long. 

Abdominal tergites dark brown, the sternites a little paler; 
hypopygium obscure yellow. Male hypopygium (Plate 3, fig. 
44) with the outer face of basistyle, b, provided with very long, 
coarse, black sete, the longest exceeding one-half the length of 
style. Outer dististyle, od, with two apical teeth, the outermost 
a little slenderer. 

Habitat. —China (Szechwan). 

Holotype, male, Mount Omei, altitude 3,500 feet, August 17, 
1931 (Franck). Paratopotype, male. 

Adelphomyia latissima. is most nearly allied to A. flavescens 
(Brunetti) (syn., furcata Brunetti) of the eastern Himalayas, 
differing most evidently in the broad wings of the male and 
the details of coloration, especially of the antennz, thorax, and 
halteres. Both species have the macrotrichia of the wing cells 
So reduced in number as to indicate the probability of their 
total disappearance in some still undiscovered species of the 
genus. The structure of the male hypopygium in this genus is 
rather distinctive and should suffice to correctly assign any species 
with the cell macrotrichia greatly reduced or lost. 
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PHYLLOLABIS PICTIVENA sp. nov. Plate 1, fig. 14. 

General coloration black; knobs of halteres infuscated; wings 
yellow, with most of the longitudinal veins broadly and conspic- 
uously seamed with brown; R2+s+4 only gently arcuated; m-cu 
at about two-thirds the lower face of cell 1st M.. 

Female.—Length, about 7 millimeters; wing, 7.6. 

Rostrum and palpi black. Antenne with the scape black, the 
pedicel light brown; flagellum dark brown; flagellar segments * 
elongate-oval, the verticils a little shorter than the segments. 
Head brownish black. 

Pronotum, mesonotum, and pleura black.  Halteres obscure 
yellow, the knobs infuscated. Legs with the coxe brownish 
black; trochanters light brown; femora black; tibize brown, the. 
tips narrowly infuscated; tarsi passing to dark brown. Wings 
(Plate 1, fig. 14) with a yellow tinge; stigma long-oval, dark 
brown; conspicuous brown seams on certain of the longitudinal 
veins, as follows: A very broad seam along vein Cu and the 
cord; somewhat narrower seams along Rs and all outer branches 
of the radial and medial fields; vein 2d A narrowly bordered by 
brown; wing margin and axillary border narrowly infuscated; 
veins brown, somewhat darker in the clouded areas. Масго- 
trichia of veins abundant but not of excessive length, occurring 
on all longitudinal veins excepting the basal sixth of M. Vena- 
tion: Se, ending about opposite one-third the length of Rs, 
Se, a short distance from its tip; R4344 only gently arcuated; 
m-cu at about two-thirds the lower face of cell 1st M.; anterior 
arculus lacking or represented only by a weak clouding. 

Abdomen black; cerci deep horn-color, long, nearly straight, 
their margins smooth; hypovalvs pale yellow. 

Habitat.—China (Szechwan). 

Holotype, female, Mount Omei, altitude 11,000 feet, July 18, 
1931 (Franck). 

Phyllolabis pictivena is very different from the two other 
described species in the eastern Palearctic region, P. beesoni 
Alexander and P. confluenta Alexander, both of the western 
Himalayas, in the intense black coloration of the body and in the 
handsomely patterned wings. 


ERIOPTERINI 
RHABDOMASTIX (PALÆOGONOMYIA) OMEINA sp. nov. Plate 1, fig. 15. 

General coloration brown; antenne (male) elongate, about 
two-thirds the length of wing; legs brown, the tarsi whitish; 
wings with a strong brown tinge; macrotrichia of veins very 
much reduced in number; Se, ending at near midlength of Rs. 
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Male.—Wing, 3.5 millimeters; antenna, about 2.5. 

Rostrum and palpi dark. Antenne relatively long, being 
approximately two-thirds the length of wing, dark brown; fla- 
gellar segments long-cylindrical, with abundant erect sete 
scattered over the whole surface. Head brown. 

Mesonotum and pleura pale brown. Halteres broken. Legs 
with the coxe and trochanters testaceous-yellow; a single leg 
(hind) remains; femora brown; tibis brown, somewhat paler 
apically; tarsi whitish. Wings (Plate 1, fig. 15) with a strong 
brownish tinge, the stigma not indicated; veins slightly darker 
brown. Macrotrichia of veins, excluding costa, very sparse 
and restricted, being confined to R, beyond cord, distal half of 
outer section of R, and outer portions of distal sections of Мо 
and M,. Wings strongly narrowed basally, the anal angle 
greatly reduced. Venation: Se, ending about opposite mid- 
length of Rs, Se, at near mid-distance between origin of Rs and 
tip of Sc,; Rs about one-half longer than R;,5,,; space on 
costa between Ва and В, longer than the latter vein. 

Abdomen broken. 

Habitat.—China (Szechwan). 

Holotype, a broken male, Mount Оте, altitude 4,000 feet, July 
4, 1931 (Franck). 

I am referring the present fly to the subgenus Palzogonomyia 
Meunier,? which has hitherto been known only as fossil in Baltic 
amber (Lower Oligocene). However, the distinctions between 
the three proposed subgenera, Rhabdomastix Skuse, Palzogonom- 
tía, and Sacandaga Alexander, are so slight that the value of 
the present reference from a distributional standpoint must be 
held as being doubtful. It seems certain that the present species 
is more closely allied to the fossil species placed in Palzogonom- 
yia than it is to any other described recent member of the genus. 
Palzogonomyia has the antennz of the male elongate but still 
shorter than the wing, whereas the organ is very much longer 
in the typical subgenus while being very short in both sexes in 
Sacandaga. : 

GNOPHOMYIA COLLATA sp. nov. Plate 1, fig. 16. 

General coloration of mesonotum black; head dark gray; hal- 
teres pale, the knobs dark brown; femora brownish yellow, the 
tips more infuscated; wings with a pale brownish tinge; macro- 


*Meunier, F., Bull. Soe, Ent. France for 1899 (1899) 859; Ann. des 
sciences natur., 2061. IX 4 (1906) 372.—Alexander, C. P., Bernstein-For- 
schungen Heft 2 (1931) 111-117. 
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trichia of basal costal fringe very long and conspicuous; m-cu 
about one-half its length beyond fork of М; genital shield and 
cerci dark brown. 

Female.—Length, about 7.5 millimeters; wing, 7. 

Rostrum and palpi brownish black. Antenne with the scape 
and pedicel dark brown, the flagellum black; flagellar segments 
long-oval to subfusiform, the longest verticils a little exceeding 
the segments. Head dark gray. 

Pronotum and mesonotum black, the anterior lateral preter- 
gites narrowly light yellow. Pleura with the dorsal sclerites 
black, the meral region much paler, obscure yellow. Halteres 
pale, the knobs dark brown. Legs with the fore сох dark 
brown, the middle and posterior сохге yellow; trochanters brown- 
ish yellow; femora and tibie brownish yellow, the tips more 
infuscated; tarsi brownish black. Wings (Plate 1, fig. 16) uni- 
formly tinged with pale brown; veins and macrotrichia dark 
brown; a very conspicuous obliterative streak crosses the basal 
sections of Мо and M, at both ends of cell Ist M.. Maero- 
trichia of costal fringe very long on basal third of wing, be- 
coming shorter and denser on outer portion of costa. Venation: 
Se, ending just before fork ої Reig44, Se, shortly beyond r-m; 
Reis exceeding two times В. alone; r-m connecting with Rs some 
distance before the fork; cell 1st M, small, its proximal end 
lying distad of that of cell R,; cell 2d M, fully three times as 
long as cell 1st M,; m-cu about one-half its length beyond the 
fork of M. 

Abdominal tergites dark brown, the sternites pale yellow. 
Ovipositor with the genital shield and cerci dark brown. 

Habitat.—China (Szechwan). 

Holotype, female, Mount Omei, altitude 4,000 feet, August 14, 
1931 (Franck). 

The closest ally of the present species is G. brevicellula Alex- 
ander (Formosa), which is most readily told by slight differences 
in the coloration of the body, halteres, legs, and wings, and 
the details of venation. Both species have r-m connecting with 
Rs some distance before its fork and with cell 2d M, fully three 
times as long as cell lst М, Gnophomyia brevicellula has a very 
remarkable hypopygium, and it will be of great interest to dis- 
cover the male of the present species for comparison. 
DASYMALLOMYIA PERSIGNATA sp. nov. Plate 1, fig. 17; Plate 3, fig. 45. 

Mesonotal preescutum yellow, variegated with shiny black 
and chestnut areas; wings light yellow, with incomplete cross- 
bands at level of origin of Rs and along cord; a cloud at fork 
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of M;,5; vein R, nearly one-half of R,; male hypopygium with 
the outer dististyle bearing a median rounded tubercle that is 
set with coarse sete. 

Male.—Length, about 5 to 5.5 millimeters; wing, 5.3 to 5.5. 

Female.—Length, about 6 millimeters; wing, 6.1. 

Rostrum brown; palpi black. Antenne bicolorous, the seg- 
ments black, the incisures narrowly obscure yellow; flagellar 
segments oval, becoming more elongate outwardly, the verticils 
long and conspicuous, exceeding the segments. Head brown. 

Mesonotal prescutum polished light yellow, handsomely pat- 
terned with black and chestnut, the sublateral areas being two 
black crossbars alternating with chestnut ; median black stripe 
bordered centrally with chestnut; scutum yellow medially, the 
lobes polished black; scutellum infuscated, obscure yellow be- 
hind; postnotum brownish black. Pluera light yellow, variegated 
with large black areas. Halteres light yellow, the knobs broken. 
Legs with the coxze brown; trochanters obscure yellow; femora 
yellow, with a narrow black subterminal ring; tibie yellow, 
narrowly tipped with black; tarsi yellow, the outer segments 
brownish black; legs conspicuously hairy. Wings (Plate 1, fig. 
17) light yellow, the prearcular and costal regions somewhat 
deeper yellow; a sparse brown pattern, including a narrow, dark- 
er brown seam that extends from the stigma along the cord; a 
broader but paler crossband extending from the origin of Rs 
across the wing to the outer end of vein 2d A, vaguely and nar- 
rowly interrupted in cell M; a dark cloud at fork ої М»; veins 
yellow, darker in the clouded areas. Venation: Вача present as 
a distinct element, subequal to or longer than R,; R, almost one- 
half the length of R,. 

Basal abdominal tergites black, the intermediate segments 
obscure yellow, the lateral margins broadly blackened; subter- 
minal segments more uniformly darkened; hypopygium yellow. 
Male hypopygium (Plate 3, fig. 45) with the outer dististyle, od, 
having a slender, outer, curved spine and a more-elongate, 
stouter, inner arm, the median lobe with coarse setze but without 
a spine, as in signata; inner dististyle a flattened pale blade, some- 
what stouter than in signata. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 27, 1931 
(Franck). Allotype, female, altitude 9,000 feet, July 20, 1931. 
Paratype, male, with the allotype. 

The only other described Dasymallomyia is the genotype, D. 
signata Brunetti, which has a wide range in the eastern Pale- 
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arctic region, from the eastern Himalayas, through western 
China, to Formosa. 1t has been taken on Mount Omei but at 
lower altitudes than the present fly. Dasymallomyia persignata 
is most readily told from signata by the basal dark crossband of 
the wings, the dark cloud at fork of Мә+з, the longer vein R, 
and the slight distinctions in the male hypopygium. 


ERIOPTERA (ILISIA) MEGAURA sp. пот. Plate 1, fig. 18; Plate 3, fig. 46. 
General coloration gray, the przscutum with four darker 
plumbeous stripes; antennz and legs black; knobs of halteres 
light yellow; wings obscure whitish, the base more yellow; 
veins black, coarse; anal veins gently diverging; male hypo- 
pygium large and powerful, the tergite extensive; outer disti- 
style a slender rod; inner style a powerful two-armed structure. 

Male.—Length, about 5.5 millimeters; wing, 5.8 to 6. 

Rostrum and palpi black. Antennae black throughout; basal 
flagellar segments short-oval, the outer segments becoming 
slenderer and slightly more elongate outwardly; terminal seg- 
ment shortest; verticils not or scarcely exceeding the segments 
in length. Head light gray; anterior vertex broad. 

Mesonotum gray, the przescutum with four darker plumbeous 
Stripes, the intermediate pair confluent in front of the level of 
the pseudosutural foveze, the latter blackened; no brightening 
of the pretergal region. Pleura dark gray. НаНегеѕ with the 
stem slightly infuscated, the knobs light yellow. Legs with the 
сох gray; remainder of legs black. Wings (Plate 1, fig. 18) 
with the ground color obscure whitish, the anterior prearcular 
region and basal portions of the costal region more yellowish; 
stigma small, brown; axillary region and vein Cu vaguely in- 
fumed; veins coarse, black. Venation: Se, ending just before 
level of R,; Se faint, about opposite one-third the length of Rs; 
vein 2d A nearly straight, gradually diverging from Ist A. 

Abdomen black, the caudal margins of the segments more gray- 
ish; hypopygium black. Male hypopygium (Plate 8, fig. 46) 
large and powerful, the tergite, 9t, extensive, arched. Outer dis- 
tistyle, od, a slender, arcuated rod, its surface, except at extreme 
base, with microscopic appressed setule. Inner dististyle, га, 
large and bulky, the outer apical angle produced into a blunt 
blackened lobe, the inner angle extended into a compressed 
yellowish blade. Elements of the phallosome, p, forming flat- 
tened plates that are contiguous on the median line, the outer 
lateral angles produced into slender arms, the tips a trifle in- 
curved, obtuse. 
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Habitat.—China (Szechwan). 

Holotype, male, Mount Оте, altitude 9,000 feet, July 20, 1931 
(Franck). Paratopotype, male. 

The closest allied species is Erioptera (llisia) bifurcata Alex- 
ander (Japan), which has an almost identical appearance and 
venation but differs very notably in the structure of the male 
hypopygium, especially the elongate outer dististyle, the short, 
deeply furcate inner style, and the acicular gonapophyses. I 
consider that these two flies belong to 7 lisia, where they are aber- 
rant; they may be removed to some other group when allied 
forms are better known. і 


ERIOPTERA (TELENEURA) LEUCOPODA sp. nov. Plate 1, fig. 19. 

- General coloration of mesonotum dark brown; head and pro- 
notum abruptly light yellow; antennz black throughout; thoracic 
pleura brown, with a broad black longitudinal stripe; halteres 
brown; legs brown, the tarsi and tips of posterior tibise conspic- 
uously whitened; wings broad, strongly infuscated; Rs fully 
one-half longer than Rz+3+4 abdomen black, the valves of the 
ovipositor abruptly horn yellow. 

Female.—Length, about 4 millimeters; wing, 3.8. 

Rostrum and palpi black. Antenne black throughout; flagel- 
lar segments oval, becoming more elongate-oval outwardly; 
verticils conspicuous, fully one-half longer than the segments. 
Head clear light yellow, contrasting abruptly with the meso- 
thorax. 

Pronotum yellow, the anterior lateral pretergites light sul- 
phur yellow. Mesonotum dark brown, the humeral portion of 
the præscutum a trifle brightened. Pleura brown, with a broad 
black longitudinal stripe, extending from the propleura to the 
abdomen, passing beneath the root of the haltere; dorsopleural 
region brownish yellow. Halteres brown, the base of stem nar- 
rowly pale. Legs with the coxze and trochanters brown; femora 
dark brown; tibiæ brownish black, the tips of the fore and middle 
tibie very narrowly paler, of the posterior tibie broadly and 
conspicuously whitened; tarsi white, the basitarsi of fore and 
middle legs more or less infuscated on more than basal half. 
Wings (Plate 1, fig. 19) broad, Strongly tinged with brown; 
veins and macrotrichia darker. Marginal fringes and trichia 
of veins long and conspicuous. Venation: Rs relatively long, 
fully one-half longer than R;,,,4; В, subequal to Кору m-cu close 
to fork of M; vein 2d A very gently sinuous. 
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Abdomen black. Ovipositor with the basal shields blackened, 
the valves abruptly horn yellow; cerci strongly upcurved to the 
acute tips, their margins smooth. 

Habitat—China (Szechwan). 

Holotype, female, Mount Omei, altitude 7,000 feet, July 27, 
1931 (Franck). 

Erioptera (Teleneura) leucopoda is readily told from the 
other described species of the subgenus by the clear yellow head 
and conspicuously whitened feet. By my key to the species of 
Teleneura? the fly runs to E. (T.) melanotenia Alexander 
(Philippines), which differs conspicuously in the smaller size, 
differently colored head, and darkened feet. 


ERIOPTERA (TELENEURA) LUTEICLAVATA sp. nov. Plate 3, fig. 47. 

General coloration of mesonotum medium brown, the pleura 
yellow with a narrow brownish black longitudinal stripe; head 
light yellow; knobs of halteres light yellow; legs black; wings 
with a strong brownish tinge; abdominal sternites and hypopy- 
gium yellow; male hypopygium with both dististyles slender, the 
inner acutely pointed; gonapophyses appearing as simple black- 
ened hooks. 

Male.—Length, about 3.4 millimeters; wing, 4.2. 

Rostrum and palpi black. Antenne with the scape and en- 
larged pedicel black; flagellum dark brown; flagellar segments 
becoming slenderer and more attenuate outwardly; verticils long 
and conspicuous, much exceeding the segments. Head light yel- 
low; vertex broad. 

Pronotum yellow. Mesonotum medium brown; the anterior 
part of prescutum a little darker, the lateral preescutal margins 
testaceous-yellow. Pleura yellow, with a narrow but conspic- 
uous brownish black longitudinal stripe extending from the fore 
coxze caudad, passing just beneath the root of halteres; ventral 
sternopleurite infuscated. НаКегез pale, the knobs, including 
the sete, light yellow. Legs with the fore coxe black, the re- 
maining coxe and all trochanters obscure yellow; femora and 
tibiæ black (a single leg, middle, remains, broken beyond tibia) ; 
no indication of brightening at apex of tibia, as in leucopoda. 
Wings broad, with a strong brown tinge, the prearcular and 
costal regions somewhat more yellowish; stigmal area slightly in- 
fuscated; veins pale, the macrotrichia somewhat darker. Vena- 
tion: Vein 2d A gently sinuous, ending opposite m-cu. 
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Abdominal tergites brown, the sternites obscure yellow; hypo- 
pygium light yellow. Male hypopygium (Plate 3, fig. 47) with 
the outer dististyle, od, slender, the distal third blackened, the 
apex flattened and with parallel striz. Inner dististyle, id, a 
little longer, appearing as a slender pale rod, the tip acutely 
pointed. Gonapophyses, g, appearing as simple curved hooks, 
the tips blackened, acutely pointed. Apex of zdeagus, a, very 
strongly curved. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). 

Erioptera (Teleneura) luteiclavata is most closely allied to E. 
(T.) leucopoda sp nov., from the same locality. The pale colora- 
tion of the thorax and abdomen, the yellow knobs of the halteres, 
and the unbrightened tips of the tibize, all preclude any reference | 
of the present fly to leucopoda. It is unfortunate that all tarsi 
of the type are broken and it is thus impossible to determine 
whether or not the feet are whitened in any degree. 

ORMOSIA PRZECISA sp. nov. Plate 1, fig. 20; Plate 3, fig. 48. 

General coloration of mesonotal przseutum and scutum red- 
dish brown, the posterior sclerites and the pleura darker plum- 
beous brown; knobs of halteres light yellow; femora black, tibize 
and tarsi pale yellow; wings with a brownish tinge, sparsely 
variegated with small pale brown spots and whitish discal areas; 
veins R, and R, not curved strongly cephalad at tips; vein 2d 
A strongly sinuous; male hypopygium with three gonapophyses 
on either side. 

Male.—Length, about 4 millimeters; wing, 4.5. 

Head broken. 

Pronotum dark brown. Mesonotal prescutum and scutum 
reddish brown, the posterior sclerites of mesonotum darker 
plumbeous brown, sparsely pruinose; pseudosutural Ѓоуе and 
tuberculate pits brownish black. Pleura almost uniform plum- 
beous brown. Halteres dusky, the knobs light yellow.) Legs 
with the small сохе plumbeous-brown; trochanters brownish 
yellow; femora black; tibie and tarsi pale yellow. Wings 
(Plate 1, fig. 20) with a brownish tinge, sparsely variegated 
with pale brown spots and clouds at cord, fork of Мз and 
as small marginal clouds at ends of longitudinal veins; stigma 
dark brown, with a somewhat more yellowish area beyond it; 
disk of wing before cord, in outer ends of basal cells, and be- 
yond cord in medial field, more whitish; veins pale, darker in 
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the clouded areas. Macrotrichia of cells abundant but pale. 
Venation: Se, ending opposite R,, Se, about opposite midlength 
of Rs; В, just beyond fork of Rs+4, the latter veins not strongly 
curved cephalad at tips; m-cu just before fork of M; vein 2d A 
strongly sinuous. 

Abdominal tergites dark brown, the sternites somewhat paler; 
hypopygium dark. Male hypopygium (Plate 3, fig. 48) with 
the outer dististyle, od, small, the surface of apical half with 
transverse rows of microscopic sete. Inner dististyle, id, 
broad, the outer apical angle produced into a relatively slender 
lobe. Gonapophyses, 9, appearing as three arms or branches 
on either side, these relatively slender, the stoutest and longest 
arm with about three subterminal teeth, its branch with a single 
small subterminal tooth. . 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). 

Ormosia precisa is most nearly allied to a group of Japanese 
species, including O. takahashii Alexander, O. takeuchii Alex- 
ander, and O. tokunagai Alexander, differing especially in the 
structure of the gonapophyses of the male hypopygium. 


MOLOPHILUS ARIEL sp. nov. Plate 1, fig. 21; Plate 3, fig. 49. 

Belongs to the gracilis group and subgroup; general colora- 
ration black, sparsely pruinose to give a leaden appearance; an- 
tennz (male) short; halteres black; male hypopygium with a 
single dististyle, this appearing as a stout rod that divides at 
apex into about eight slender branches. 

Male.—Length, about 3 millimeters; wing, 3.8. 

Rostrum and palpi black. Antenne (male) short, black 
throughout; flagellar segments long-oval, the verticils exceeding 
the segments. Head dark gray. 

Mesonotum and pleura entirely black, sparsely pruinose, to 
give а dark leaden appearance. Halteres black, the stem va- 
riegated by sparse yellow sete. Legs brownish black. Wings 
(Plate 1, fig. 21) relatively narrow, strongly suffused with 
blackish; veins and macrotrichia black. Costal fringe and tri- 
chia of veins long and conspicuous. Venation: Sc, ending 
about opposite R,; R, about in transverse alignment with r-m; 
vein 2d A ending opposite m-cu. 

Abdomen, including hypopygium, black. Male hypopygium 
(Plate 3, fig. 49) with only two lobes of basistyle, b, developed, 
the dorsal, db, relatively small and slender, with long coarse 
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sete distributed over its entire length; ventral lobe, vb, large, 
flattened, at apex further prolonged into à more glabrous outer 
lobe. A single dististyle, d, appearing as a stout rod that di- 
vides at apex into eight slender branches to produce a broom- 
like appearance, the most-basal branch shorter; at base of style 
a small fingerlike lobule that bears a few sete. Aldeagus long, 
slender, 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, J uly 17, 1931 
(Franek). 

The somewhat remarkable male hypopygium readily distin. 
guishes this species from all others of the genus. Molophilus 
albireo Alexander (China) is very similar in its general ap- 
pearance but has an entirely different genitalic structure. 


MOLOPHILUS ANTARES вр. nov. Plate 1, fig. 22; Plate 3, fig. 50. 

Belongs to the gracilis group and subgroup; mesonotal præ- 
scutum and scutum reddish brown, the posterior sclerites of 
notum and the pleura dark brown; legs and halteres dark brown; 
wings with a strong brown tinge; male hypopygium with the 
basistyle elongate, the apical lobes and dististyles relatively 
short when compared with the body of the style. 

Male—Length, about 3 millimeters; wing, 8.5. 

Rostrum and palpi brownish black. Antenne (male) short, 
brown throughout; flagellar segments cylindrical or nearly 80, 
the verticils much longer than the segments. Head dark brown. 

Mesonotal prescutum and scutum light reddish brown, the 
posterior sclerites of mesonotum and the pleura dark brown. 
Halteres infuscated, the base of stem restrictedly yellow. Legs 
with the coxe and trochanters yellow; remainder of legs dark 
brown, the femoral bases restrictedly obscure yellow. Wings 
(Plate 1, fig. 22) with a strong brownish tinge, the prearcular 
and costal regions somewhat darker; veins pale, the darkest 
veins pale brown; macrotrichia dark brown. Venation: r, lying 
opposite or just beyond the level of r-m; vein 2d A relatively 
long and gently sinuous, ending shortly beyond m-cu. 

Abdomen dark brown; hypopygium brownish yellow. Male 
hypopygium (Plate 3 fig. 50) with the basistyles, b, long and 
slender, the various apical lobes and the dististyles considerably 
shorter than the main body of the style; dorsal lobe of basistyle 
short, obtusely rounded at apex, the distal half without macro- 
trichia; ventral lobe, vb, short, with a dense group of coarse 
sete at apex. Outer dististyle, od, irregular in outline, with 
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an outer blackened beak and an inner arm that bears two slender 
points, one being an acute spine. Inner dististyle, id, long, 
bent at near midlength, the apex microscopicaly roughened. 
ZEdeagus, а, long and straight. 

Habitat.—China (Szechwan). 

Holotype, male, Mount Omei, altitude 7,000 feet, July 17, 1931 
(Franck). 

Molophilus antares is very different from the other regional 
species of the gracilis group in the structure of the male hypo- 
pygium, especially the great length of the basistyles in propor- 
tion to the apical lobes, and in the structure of the outer dis- 


tistyle. 


ILLUSTRATIONS 


[Legend: а, mdeagus; b, basistyle; d, dististyle; db, dorsal lobe of basistyle; 9, gonapophysis ; 
3, interbase; id, inner dististyle; od, outer dististyle; р, phallosome ; в, sternite; t, tergite; 
vb, ventral lobe of basistyle; vd, ventral dististyle.] 
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РІАТЕ 1 


Tipula (Trichotipula) polytricha sp. nov., venation. 
Tipula mutiloides sp. nov., venation. 
Macgregoromyia szechwanensis Sp. nov., venation. 
Macgregoromyia celestia Sp. nov., venation, 
Limonia (Limonia) francki sp. nov., venation. 
Limonia (Limonia) laticellula sp. nov., venation. 
Limonia (Limonia) bicornigera sp. nov., venation. 
Limonia (Dicranomyia) sublimis Sp. nov., venation. 
Helius (Helius) infirmus sp. nov., venation. 
Antocha (Antocha) constricta Sp. nov., venation, 
Antocha (Antocha) nigribasis sp. nov., venation. 
Antocha (Antocha) bidens sp. nov., venation. 
Adelphomyia latissima Sp. nov., venation. 
Phyllolabis pictivena Sp. поу., venation. 
Rhabdomasti« (Palzogonomyia) omeina sp. nov., venation. 
Gnophomyia collata, Sp. nov., venation. 
Dasymallomyia persignata sp. nov., venation. 
Erioptera (Ilisia) megaura sp. nov., venation. 
Erioptera (Teleneura) leucopoda 5р. поу., venation. 
Ormosia precisa Sp. nov., venation. 

Molophilus ariel Sp. nov., venation. 

Molophilus antares Sp. nov., venation. 


PLATE 2 


Tipula (Trichotipula) polytricha зр. nov., male hypopygium, la- 
teral aspect. 

Tipula (Trichotipula) polytricha sp. nov., male hypopygium, ninth 
tergite. 

Tipula (Trichotipula) polytricha sp. nov., male hypopygium, ninth 
Sternite. 


. Tipula (Trichotipula) polytricha sp. nov., male hypopygium, styli, 


Tipula mutiloides sp. nov., male hypopygium, lateral aspect. 


. Tipula mutiloides Sp. nov., male hypopygium, ninth tergite. 
- Tipula mutiloides sp. nov., male hypopygium, styli. 


Tipula mutiloides 5р. nov., male hypopygium, eighth sternite. 


Ж Macgregoromyia szechwanensis sp. nov., basal five flagellar seg- 


ments, male, 
Macgregoromyia szechwanensis sp. nov., male hypopygium, dorsal. 
Macgregoromyia celestia Sp. nov., basal five flagellar segments, 
male, 
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Fic. 34. Macgregoromyia celestia sp. NOV., male hypopygium, inner disti- 
style. 
35. Limonia (Limonia) francki sp. nov., male hypopygium. . 
36. Limonia (Limonia) bicornigera sp. NOV., male hypopygium. 
37. Limonia (Dicranomyia) sublimis sp. nov., male hypopygium. 


PLATE 3 


Fic. 38. Helius (Helius) infirmus sp. nov., male hypopygium. 
39. Antocha (Antocha) constricta sp. поу., male hypopygium. 
40. Antocha (Antocha) multidentata sp. nov., male hypopygium. 
41. Antocha (Antocha) spiralis sp. nov., male hypopygium. 
42. Antocha (Antocha) migribasis sp. nov., male hypopygium. 
43. Antocha (Antocha) bidens sp. nov. male hypopygium. 
44. Adelphomyia latissima sp. nov., male hypopygium. 
45. Dasymallomyia persignata sp. nov., male hypopygium. 
46. Erioptera (Ilisia) megaura sp. nov., male hypopygium. 
47. Erioptera (Teleneura) luteiclavata sp. nov., male hypopygium. 
48. Ormosia precisa sp. nov. male hypopygium. 
49. Molophilus ariel sp. nov., male hypopygium. 
50. Molophilus antares вр. nov., male hypopygium. 


PLATE 1. 


ALEXANDER; TIPULIDJE FROM EASTERN ASIA, XI.) 


ГРишр. Journ. Scr., 49, No. 3. 


PLATE 2, 


AN UNREPORTED FUNGOUS DISEASE OF THE 
PHILIPPINE MIGRATORY LOCUST? 


By GAUDENCIO М. REYES 
Of the Bureau of Science, Manila 


FIVE PLATES 
INTRODUCTION 


Several parasitic fungi have been reported and described at- 
tacking insects, and in certain countries some of these fungi have 
been used with varying degrees of success in the control of 
destructive insect pests. Although these so-called entomogenous 
fungi help the farmer in his battles against economic insects, it 
would seem appropriate to cite the views of Charles, (6) аз 
follows: “Although the results of studies have appeared from 
time to time, the subject (entomogenous fungi) as a whole has 
not been thoroughly investigated. That it offers much of purely 
scientific interest is unquestioned; what it still holds of poten- 
tial economic value is yet to be discovered.” 

In the Philippines various fungi have been observed on a 
variety of insects, but little attempt has been made to study 
and describe them. In 1930, Celino(5) isolated a fungus from 
a dead coconut leaf-miner beetle, which was later identified 
by Dr. T. Petch(10) as Beauveria bassiana (Bals.)  Vuill. 
Stevens,(15) in 1931, reported Empusa grylli (Fres.) Nowa- 
kowski on grasshoppers, Cephalosporium crassum Petch on 
Pentalonia nigronervosa Coq., and Cordyceps podocreoides von 
Hóhnel on Leucopholis irrorata Chevrolat. 

In September, 1929, at the Alabang locust laboratory and in- 
sectary of the former Bureau of Agriculture, a severe outbreak 
of a white fungus affecting the Philippine migratory locust, 
Pachytylus migratorioides Rch. and Fxm. — Locusta migratoria 
ph. migratorioides Reh. and Frm.,(16) has attracted the writer's 


* Submitted for publication December 1, 1931. The writer wishes to 
express his deep appreciation to Mr. S. S. Gonzales, in charge of locust 
research of the Bureau of Plant Industry at Alabang, Rizal Province, 
for furnishing the materials for this work. Thanks are also due Dr. C. 
J. Humphrey, mycologist, and Dr. T. G. Fajardo, of the botany division, 
Bureau of Science, for the critical reading of the manuscript. 
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attention. The infestation was so serious that nearly all the 
stock of locusts was lost. Because of the seriousness of this 
fungous disease on the migratory locust, a study of it might prove 
valuable in the locust problem in the Philippines. As locusts 
were not available in the locality or elsewhere during the course 
of these studies, field experiments were abandoned. "The present 
paper, therefore, only deals with the description of the disease 
and certain studies on the pathogenicity, morphology, behavior 
of the fungus in artificial media, and persistence of the fungus 
in culture. 
DESCRIPTION OF THE DISEASE 


The early symptoms of the insect which becomes infected 
from artificia] inoculation is the loss of appetite, apparent weak- 
ness and sluggishness, loss of the power of locomotion as if the 
muscles were paralyzed, and sooner or later death. The in- 
fected insect becomes somewhat darker than its norma] color 
and upon dissection, fungous threads were found in the air cavi- 
ties of the thorax (Plate 5), and in the thoracic and abdominal 
tissues. Tufts of mycelia can be seen coming out from certain 
parts of the body and spreading over the chitinous integument. 
The most striking external appearance of the disease, however, 
is the presence of cottony-white, floccose growth, protruding 
from the junctures of the body segments and the joints of the 
legs (Plate 5). Later these mycelial white masses sporulate 
heavily, and the color changes from white to ivory or creamy 
white. The insect afterwards becomes mummified (Plate 1, 
fig. 1) and the fungus can be seen practically covering the 
entire carcass. 


THE CAUSAL FUNGUS 


ISOLATION 


The fungus was readily isolated by the spore dilution plate 
method (Plate 1, fig. 2). With this method a small amount of 
the fungus containing spores was first removed from fresh 
specimens and suspended in sterile distilled water. This sus- 
pension was further diluted by means of loop transfers into 
other tubes of sterile water. From the three dilutions, 1 to 3 
loopfulls were transferred into tubes of melted potato glucose 
agar which had been cooled to 40? C., and vigorously shaken 
before they were poured into sterile Petri dishes. After two 
to three days incubation at room temperature, identical single 
spore colonies developing in the second and third plates of the 


49,3 Reyes: Fungus on the Migratory Locust 409 


series were isolated, preferably from the latter (Plate 1, fig. 2), 
and transferred into suitable media. The colonies obtained were 
essentially the same as the original material. АП cultures used 
in subsequent studies of the fungus mentioned below were de- 
rived from single spore isolation. 


PATHOGENICITY 


Inoculations with the fungus obtained from single spore colo- 
nies proved beyond doubt the parasitic potentiality of the organ- 
ism. In these experiments, healthy locusts reared from eggs 
were incarcerated in sterilized, relatively small wire cages and 
were supplied with abundant fresh, green grass planted in small 
beakers containing moist, sterilized sand. These were kept in 
the laboratory at temperatures ranging from 28° to 820 С. or 
over. The spores were applied on the insects either by spread- 
ing under the rudimentary wings or on the thoracic side, or 
by atomizing the insects direct on the leaves they ate with 
spores in sterile water suspension. For controls, the locusts 
were either left without treatment or sprayed with plain sterile 
water, depending on the method used. 

The effect of infection was invariably fatal, death occurring 
after one to six days, the newly molted insects falling easy vic. 
tims to the disease. The insects in the control remained still 
alive when examined after fifteen days. Reisolations proved 
positive. There was actually no substantial difference between 
the course of the disease in nature and in the laboratory, 

The fungus readily attacks the locust in all its stages (Plate 
5), causing from 60 to 100 per cent infection, and present re- 
sults of carefully conducted experiments in October and Novem- 
ber, 1929, seem to indicate that, as a rule, the younger the 
locust the more easily it succumbs, probably because the young 
are comparatively weaker, their cuticle being softer and thinner, 
and because of the comparative absence of wings or body pro- 
tection. It was likewise found that those that molted imme- 
diately after the spores were applied usually escaped death. 
Following the suggestion of Howard,(9) it was further observed 
that the inoculations made in the afternoon gave better results, 
and a prolonged period of warm, humid weather favored the 
development of the fungus greatly. For lack of materials, no 
inoculation was attempted to infect egg pods. 

In view of the fact that representatives of the genus Beauve- 
ría have been found to occur and infect different kinds of insects, 
trials were made to communicate artificially the locust fungus 
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on the adult coconut leaf miners. In a series of tests conducted 
in large glass jars in the greenhouse and in relatively large wire 
cages in the open, its parasitic nature has been proven definitely 
on the coconut leaf-miner beetles, and the results obtained are 
printed in this issue. 


MORPHOLOGY 


The mycelium is septate, cottony-white, floccose, and branches 
out usually at right angles (Plate 3, fig. 3). The hyphe are 
often connected by H-shaped unions or anastomosing branches 
(Plate 3, fig. 4). The mycelium is hyaline and granular when 
young, but later some may become somewhat vacuolated. In 
culture abundant conidia are produced from a sporiferous hy- 
menial layer. A secondary crop of mycelia later appears on the 
surface from which a layer of conidia are again produced. 

The conidia are minute, hyaline, smooth, single-celled (Plate 
3, fig. 1), borne on slender flexuous sterigmata at the apex of 
each phialide (Plate 4, fig. 2). They are globose, rarely glo- 
boid (Plate 3, fig. 1, and Plate 4, fig. 3), having an average 
diameter of 2.17 microns, based оп 100 measurements. Myriads 
of conidia are produced in loose globose heads either on the main 
hyphal branches or on short lateral ones. The conidia germi- 
nate readily in water, swelling overnight, and produce germ tubes 
which are constricted at the base (Plate 3, fig. 2). As the 
germ tubes grow, they in turn produce normal heads of globose 
conidia, 

The conidiophores are short and simple and have a bottle- or 
flask-shaped “phialide” appearance. Each phialide bears one 
or sometimes two filiform, usually flexuous sterigmata (Plate 
4) from which conidia are borne in a verticillate fashion. With 
the use of a filar ocular micrometer, the average diameter of the 
sterigmata is found to be 0.59 micron. The morphological fea- 
tures of the phialides, of the threadlike flexuous sterigmata, and 
of the successive production of globose conidia answer closely 
the essential characters of Beauveria globulifera or Sporotri- 
chum globuliferum described by Dufrénoy(7) and Petch. (11) 


BEHAVIOR OF THE FUNGUS ON DIFFERENT MEDIA 


The fungus is readily cultivated on various media containing 
vegetable and animal substances. The type of colonies produced 
varied only slightly, but the density of £rowth and pigment 
production differed with the media used and with the age of 
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the culture. Good growths were obtained from potato-dextrose 
agar, potato cylinders, steamed rice, cornmeal, cornmeal-beef 
agar and beef-malt agar, but a rather scanty growth was ob- 
tained on sterilized string beans, sterilized locust, sterilized 
coconut leaf-miner beetles, or on decoctions made from these 
insects. The following media were tested and the character- 
istic growths were noted. 

Potato-dextrose agar.—The fungus grew on the surface bulg- 
ing at the point of inoculation. Zonations were produced slop- 
ing rather indistinctly towards the margin of the colony. Later 
the white surface growth turned Ivory Yellow? and the zona- 
tion beeame barely conspicuous because of the formation of a 
Spcrogenous layer. Аз Ше medium dried up, a secondary, aérial, 
` mycelial growth was produced, which later became inconspic- 
uous by the subsequent formation of abundant spores (Plate 
2, fig. 2). Through repeated subcultures the zonation became 
less distinct or entirely absent. 

Potato cylinders.—A cottony-white, elevated, floccose growth 
(Plate 2, fig. 1) was obtained from this medium. A rather 
indistinct zonation of the colonies was observed. The medium 
turned Purplish Vinaceous, near the vicinity of the colonies 
corroborating the findings of Pettit, (12) and the fungus on the 
slant surface was Ivory Yellow, As the growth advanced, the 
pigment on the medium was obscured by the growth of myce- 
lium, and the colonies became convoluted. A Secondary growth 
of mycelium also took place and a few coremialike Structures 
starting as small, buttonlike outgrowths on the surface have 
been observed. In subsequent cultures, however, these struc- 
tures were hardly noticed. 

Steamed rice.—The fungus grew rather Iuxuriantly on this 
medium, producing an abundant aérial, white, floccose growth 
(Plate 2, fig. 1), especially on steamed glutinous rice. On aging, 
the fungus became Ivory Yellow to Cream Color due to the 
formation of numerous conidia. A secondary mycelial growth 
was developed on different portions of the medium, occasionally 
clogging the tube. Later this gave rise to a few coremialike 
growths ranging from 9 to 11 millimeters in height, as the 
medium lost much of its moisture (Plate 2, fig. 2). In later 
subcultures, however, very few or none of these growths were 
formed. No color reaction was observed. 


* Capitalized color names are those of Ridgway's Color Standards and 
Color Nomenclature. Washington, D. C. (1912). 
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Cornmeal.—The fungus grew fairly well on cornmeal. Аз 
the growth thickened the fungus became tinged with Ivory 
Yellow and small seattered masses of cottony-white growth 
developed on the surface of the medium. The colony later be- 
came Cream Color with a faint purplish pigment produced in 
the immediate vicinity of the colonies. 

Cornmeal-beef agar. —Growth was rapid, and the mycelium 
penetrated the substratum showing submerged development. 
Туогу Yellow color was produced on the sporiferous surface. А 
diffused Vinaceous Fawn color reaction took place in the sub- 
stratum, which was not observed on other media. 

Beef-malt agar.—Growth was very fast; the colony was dense, 
circular, and bulging aérially. In advanced stage of growth, 
zonations became somewhat distinct at the edge of the cultures. 
Ivory Yellow color appeared in the center of the colony as abun- 
dant spores were produced. No secondary crop of mycelium was 
noticed. 

Potato agar.—The fungus growth was slow and scanty. Sub- 
merged growth of the mycelium was observed as in cornmeal- 
beef agar, but the conidia were produced on the surface, showing 
a somewhat powdery or chalky appearance. Later an Ivory 
Yellow tint was observed on the surface. 

Sterilized string beans.— The fungus grew rather scantily but 
aérial mycelium was produced. The surface of the colony was 
white at first but later turned to Cartridge Buff as powdery 
masses of spores were produced. The beans were considerably 
consumed and became more or less transparent, leaving practic- 
ally only the epidermal tissue. 

From observations made of the growth characteristics of the 
fungus on the above-mentioned media, it is apparent that an 
elevated, cottony, floccose growth was distinctly and consistently 
Shown on potato cylinders, steamed rice (glutinous or nonglu- 
tinous), potato-dextrose agar, and cornmeal, while a somewhat 
powdery or chalky type of growth was observed on cornmeal- 
beef agar, potato agar, beef-malt agar, and sterilized string 
beans. 


IDENTITY AND SYNONYMY OF THE FUNGUS 


The fungus under consideration appears to be identical in gross 
morphologica] and physiological characteristics with Sporotri- 
chum globuliferum Speg. or Beauveria globulifera (Speg.) Pic., 
described by Saccardo, (13) Pettit, (12) Dufrénoy, (7) Petch, (11) 
and others. This fungus is characterized by the white, cottony, 
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floccose growth. The conidia are globose, measuring on an 
average 2.17 p, which approximates the recorded spore measure- 
ments of Spegazzini, as cited Бу Saccardo,(13) and Pettit. (12) 
For purposes of verification, cultures of the fungus and a photo- 
graph of infected locusts were sent to Dr. R. Thaxter, of Har- 
vard University, who in a letter to the writer, dated July 20, 
1930, states that he has no material for comparison, but “it 
seems exactly similar to the ubiquitous and more or less omni- 
vorous Beawveria globulifera.” The genus Beauveria, to which 
this species belongs, is an imperfect fungus of the tribe Verti- 
cillieæ. Various confusion in terminology has been made of 
representatives of the genus. Petch’s treatise on Beauveria (11) 
states that the European writers have referred to members of 
this genus as Botrytis while the American mycologists placed 
them under Sporotrichum Link. In view of this confusion, the 
same author states that Vuillemin, in 1912, created a new generic 
name, Beauveria. Аз cited by Petch, (11) in 1914, Picard trans- 
ferred Spegazzini's species, Sporotrichum globuliferum, to Vuille- 
min's genus as Beauveria globulifera. The writer, therefore, 
uses Beauveria globulifera for the parasite found on the Philip- 
pine migratory locust, Although the name 5. globuliferum has 
been relegated to its synonymous binomial, Beauveria globuli- 
fera, some authors continue to refer to the fungus as originally 
described, and the names are used interchangeably. 


DISTRIBUTION AND HOST RANGE 


Among the entomogenous fungi, the genus Sporotrichum, or 
Beauveria, is known to be fairly widespread. According to 
Castellani, (4) the genus Sporotrichum has a large number of 
species found the world-over. Saccardo(13) and Peteh, (11) 
citing the work of Spegazzini, stated that Sporotrichum globuli- 
ferum was found on Coleoptera, Monocrepidium sp., and Nau- 
pactus xanthographus іп the Argentine, and subsequently on a 
Gargaphia (Hemiptera), also from the same country. Bru- 
ner(3) found S. globuliferum in 1897 in the Argentine and he, 
as well as Billings and Glenn, (2) and Headlee and McColloch, (8) 
found it parasitic on the chinch bug, Blissus leucopterus Say, 
in the United States. Bruner(3) and Headlee and McColloch(8) 
observed it on other insects. Bruner (3) further reported 
that a large migratory locust, Schistocerca paranensis Burm., 
was attacked by a species of Sporotrichum, the action of 
which is similar to that of 8. globuliferum on the chinch bug. 
Howard, (9) in 1901, reported the successful infection of destruc- 
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tive grasshoppers in Colorado by a species of Sporotrichum. 
Petch(11) states that the parasitism of a given species of Beaw- 
veria is probably not restricted to one species of insect but to 
other groups of insects as well Benois,(1) in 1928, reported 
the occurrence of five species of Beauveria on Acrididz in Euro- 
pean and Asiatic Russia. In 1929, Seymour (14) listed S. globuli- 
ferum as occurring on a wide variety of insects, including an 
acridid, Melanoplus spretus Uhl., and gave reference of its syno- 
путу to Beauveria globulifera on certain species of Cicada, 
Blissus, and Diabrotica. 

In the Philippines, the distribution of B. globulifera on the 
migratory locust is not definitely known, and as far as the 
writer is aware, no report of its occurrence on locust or other 


insect has been made. 
VIABILITY OF THE FUNGUS 


In series of experiments it was found that B. globulifera 
could persist in culture media under laboratory conditions and 
in the ice box for some time. Colonies kept at 28 to 32? C. for 
two hundred ninety-five days on steamed rice were still viable 
when transfers were made into fresh potato glucose agar. After 
four hundred forty days, colonies grown on steamed nongluti- 
nous rice were already dead. The culture on sterilized locust 
was found dead at the end of two hundred twenty-five days. 
Colonies kept in potato dextrose agar, and steamed rice (non- 
glutinous and glutinous) at 13 to 15? C. were found viable at 
the end of two hundred ninety-five days. On glutinous rice 
cultures three hundred twenty days old, it was found still living. 
The summary of results is shown in Table 1. К 


TABLE 1.—Viability of the fungus in culture media. 


" Place of stor- Temper- Age of 
Medium used as substrate, age. ature. culture Result. 
ec. Days 
Potato-dextrose абаг.--..------------- 28-32 225 | Viable. 
a REN rann: 28-82 295 Do. 
Sterilized locust... 28-32 225 | Dead. 
Steamed rice, glutinous. - 28-32 | * 295 | Viable 
Steamed rice, nonglutinous.. 28-32 295 Do 
28-32 440 | Dead. 
13-15 225 | Viable. 
d 13-15 295 Do. 
Steamed rice, nonglutinous.. 18-15 295 Do. 
Steamed rice, glutinous.. 18-15 295 D d 
о. 
| Do... 18-15 820 [ж | 
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There are not enough comparative tests made of cultures kept 
in the two conditions, but it appears from the meager record 
obtained that the cultures kept in the ice box would live longer 
than those kept in the laboratory. Steamed glutinous rice 
Seemed to have maintained the growth better and longer than 
the other kinds of media, probably because of its adhesiveness 
and capacity to retain moisture for a considerable period. 
These tests were not sufficiently extended or carried out on a 
large enough scale to warrant a definite conclusion, however. 


SUMMARY 


1. An entomogenous fungus attacking the Philippine migra- 
tory locust, Pachytylus migratorioides Rch. and Frm., is here 
reported for the first time in the Philippines. 

2. The disease in an early stage can be readily recognized by 
the presence of white, cottony, floccose mycelial growths pro- 
truding from the junctures of body segments and joints of the 
legs, which in an advanced stage become sporiferous, the color 
changing to ivory or creamy white. 

3. The fungus was isolated in pure culture and proved highly 
pathogenic on the Philippine migratory locust. The younger 
stages of the locust and those newly molted succumbed quicker 
than the adults. 

4. The fungus has been cultivated on various artificial media 
containing a plant or an animal substance, or both, and spores 
were produced in enormous numbers. 

5. The morphological and physiological characteristics of the 
fungus are identical with those of Beauveria globulifera (Speg.) 
Ріс. formerly known as Sporotrichum globuliferum Speg., 
which attacks the chinch bug, Blissus leucopterus Say, in the 
United States. The fungus is characterized by having globose 
conidia and by the cottony-white, elevated, floccose growth in 
culture media. 

6. On artificial media the fungus was still viable after two 
hundred ninety-five days at room temperature (28 to 32°C.), 
and in the ice box (18 to 15 С.) after three hundred twenty 

' days. Steamed glutinous rice seemed to have maintained the 
growth better and longer than the other kinds of media used. 
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ILLUSTRATIONS 
[Photographs were made by С, Panlilio and У, Ferrer, of the Bureau of Science.] 
PLATE 1 


Fic. 1. Two mummified specimens of the Philippine migratory locust, 
Распу из migratorioides Rch. and Frm., practically covered 
with the white fungus Beauveria globulifera (Speg.) Pic., from 
which the culture was obtained. Note that the fungus is densely 
crowded over certain areas, as between segments of the body. 
About 1.2 times natural size. 

2. Spore dilution of the fungus, 6 days old, on potato-dextrose agar 
+1 Е. S. Note the uniformity of the elevated, cottony, floccose 
mycelial growth of the colonies. х1. 


PLATE 2 


Fic. 1. Cultures of Beauveria globulifera on two potato slants and two 
steamed-rice slants, 46 days old, showing aérial, cottony-white, 
floccose growths. About two-thirds natural size. 

2. The tube to the left is a 3.5-month-old culture of the fungus on 
potato-dextrose agar slant, showing typical, raised, white growth 
of В. globulifera. The other two tubes in the middle and to the 
right, respectively, are drying cultures on potato cylinder and 
steamed rice, showing a few coremialike structures which are 
more visible in tube on the extreme right. 


PLATE 3 
[Camera-lucida drawings, х 1900.] 


Fic. 1. A group of globose spores obtained from an old culture of the or- 
ganism. 
2. Germinating conidia kept overnight in water. Note the swelling 
of the conidia and constriction at the base of the germ tubes. 
3. Hyphal threads showing septation and lateral branching. 
4. Hyphe showing considerable anastomosing. 


PLATE 4 


FIG. 1. Camera lucida drawings. a, Conidia abstricted singly from the 
apices of bottle-shaped, paired phialides. Note the end of the 
mycelial hypha budding an isolated conidium. Drawn from 
mounts obtained from 9-day-old colonies. X 1900. b, A camera 
Iucida drawing, showing subsequent swelling of the phialides and 
the production of typical, slender, zigzag Beauveria sterigmata. 
Note that one of the phialides has two sterigmata. Drawn from 
10-day-old colonies. x 1900. 
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Fic. 2. A vegetative hypha bearing flask-shaped phialides on the swollen 
phialidiferous part of the hypha. Note the conidia borne on 
short pedicels in a whorl-like arrangement, one below the other, 
on the flexuous sterigmata. Drawn with the aid of camera lu- 
cida. x 1900. 

3. A photomicrograph of Beauveria globulifera showing zigzag sterig- 
mata (about the center), dispersed spores, and a conidial head 
at the bottom (somewhat dimmed by a water bubble). х 900. 


PLATE 5 


Nymphs and adult Philippine migratory locusts artificially infected with 
Beauveria globulifera. ‘Note the vigorous development of ап 
identical fungus on the chitinous integument, emanating densely 
from the intersegmental membranes. Note also the fungous 
growths in the air cavities, and the invaded tissues in the tho- 
racic and abdominal regions of the dissected adult insect. 
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PLATE 5. 


ARTIFICIAL INFECTION OF THE COCONUT LEAF 
MINER WITH BEAUVERIA GLOBULIFERA 
(SPEGAZZINI) PICARD? 


By GAUDENCIO M. REYES 
Of the Bureau of Science, Manila 
FIVE PLATES 
INTRODUCTION 


The outbreak of an unusually heavy infestation of the coconut 
leaf miner, Promecotheca cumingi Baly,(19) in Ше Philippines 
in the latter part of 1929, afforded a splendid opportunity for 
investigations along biological lines. Six species of hymenop- 
terous parasites have been discovered by entomologists of the 
Philippine Bureau of Plant Industry and these played a promi- 
nent róle in the control of the coconut leaf miner.(1,19) No 
less interesting perhaps are the fungous diseases that have been 
observed and cultivated. Celino has reported the occurrence 
of a fungus isolated from the coconut leaf-miner beetle, (5) 
which has been determined by Dr. T. Petch(15) as Beauveria 
bassiana (Bals.) Vuill. 

The object of the present work was to study, by means of 
artificial cultures, the practicability ої introducing the fungus 
Beauveria globulifera (Speg.) Pic. formerly known as Sporo- 
trichum globuliferum Speg., isolated from the Philippine migra- 
tory locust, Pachytylus migratorioides Rch. and Frm.,(18) into 
the leaf-miner-infested regions. The writer's first efforts were 
directed toward determining the best method of dissemination. 
Unfortunately, on account of the limited time and facilities af- 
forded, the writer had no opportunity to extend the investigation 
into the field on a large scale. However, certain significant 
features of value have finally been evolved, these being the re- 
sults partly of outdoor experiments and observations. 


* Submitted for publication December 1, 1931. The writer wishes to 
express his gratefulness to Dr. Т. С. Fajardo, of the division of botany, 
Bureau of Science, for certain suggestions and criticisms in the prepara- 
tion of the manuscript, and to Dr. C. J, Humphrey, mycologist of the 
same bureau, for reading it, 
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DISTRIBUTION OF THE FUNGUS, OTHER HOSTS, AND ECONOMIC 
IMPORTANCE 


As recorded in scattered literature, Beauveria globulifera 
occurs on various important insects in widely separated geo- 
graphical regions. Available reports of the fungus show that it 
occurs definitely in the United States(4,9) on the chinch bug, 
Blissus leucopterus Say, and, according to Headlee and Мс- 
Colloch, (9) on other insects of more or less economic importance. 
Dozier(7) found it on the larvee of the codling moth, Сагросарза 
pomonella, on apples in Delaware. Other reports of the fun- 
gus and the insects it attacks show that it also occurs in 
France, (3, 11,12) in Ше Argentine,(17) and in the West In- 
dies.(2,14) There is little doubt of its occurrence in other 
foreign countries, especially in tropical and subtropical regions. 

Authorities seem to disagree as to the efficacy or possibility of 
introducing or disseminating fungous parasites among insects; 
some think it utterly impracticable, while others believe it of 
considerable economic importance, at times exerting a great in- 
fluence, while still others believe that the subject has not been 
thoroughly studied and its potential importance has not been 
unravelled as yet. For many years certain destructive insect 
pests have been fought more or less successfully by the artificial 
propagation and introduction of different kinds of entomogenous 
fungi and among these insect-destroying fungi Sporotrichum 
globuliferum, or Beauveria globulifera, plays an important part. 
In general, parasitic fungi help check the multiplication of in- 
jurious insects and help man in his struggles against these pests. 
Petch, cited by Martin,(13) states that the problem now con- 
fronting investigators of entomogenous fungi centers on how to 
be able to induce an epidemie upon insects at a time when an 
epidemic would not take place naturally. 

As far as the writer is aware, Beauveria globulifera has not 
been reported as occurring on the coconut leaf miner, Promeco- 
theca cumingi Вау, nor has there been an attempt to infect arti- 
fieially this economie insect with this fungus. Celino,(5) how- 
ever, has succeeded in artificially infecting adult coconut leaf 
miners with a closely allied fungus, which was later identified 
by Doctor Petch as В. bassiana (Bals.) Vuill.(15) 


OBSERVATIONS ON THE INCIDENCE OF FUNGOUS PARASITES ON THE 
COCONUT LEAF MINER IN THE INFESTED AREAS 


Contrary to the opinion or observations of previous investi- 
gators, (10, 18,16) that when an insect pest has reached its maxi- 
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mum numbers or becomes excessively numerous a fungous epi- 
demic generally ensues, did not hold true with the coconut leaf 
miner. As far as the author's observation 1з concerned, made 
during the months of March to October, 1930, and corroborated 
verbally by Messrs. Е. ©. Otanes, S. S. Gonzales, P. Sison, ento- 
mologists, and other field personnel of the Bureau of Plant In- 
dustry, engaged in the leaf-miner eradication campaign in 
Laguna, Batangas, and Tayabas Provinces and other infested 
regions, there was no serious mycotic epidemic on the coconut 
leaf miner. The occurrence of а few isolated cases of inactive 
fungus pathogenes that the writer noticed in his trips to the 
coconut leaf-miner-infested localities, together with several врес- 
imens that came to the writer's attention through the courtesy 
of Mr. Gonzalo Merino, chief entomologist of the Bureau of Plant 
Industry and chief executive of the coconut leaf-miner eradica- 
tion campaign, seems to indicate that the climatic and other 
environmental conditions then obtaining were unfavorable to 
their proper development. According to Petch,(16) the factors 
that govern the outbreak of fungous epidemies upon insects rest 
on a condition of the insects which renders them more liable to 
fungous attack. Charles(6) states that for their optimum 
growth and development they demand a high degree of moisture 
and temperature. 

Judging from previous reports, therefore, together with the 
writer's personal experience, it would seem that the practical: 
applieation of entomogenous fungi depends greatly on the cir- 
cumstances obtaining in a particular place, such as the prev- 
alence. of the right weather and climatic conditions for the 
progress of the fungus, the relative numbers of the host insects, 
the gregarious habit of the insect, and withal the activity or 
virulence of the fungus. No less important are the methods 
and technie, such as the discovery of the most suitable media, 
use of the fungus in large doses, method of distribution and 
application, etc. 

PARASITISM TESTS 


ARTIFICIAL INFECTION OF THE COCONUT LEAF MINER UNDER GREENHOUSE 
CONDITIONS 
Inspired by the belief that the locust fungus might be of some 
help in combating the coconut leaf miner, despite the apparent 
absence of natural outbreaks of fungous epidemics, the following 
experiments were undertaken. Its parasitism was therefore first 
proven in the greenhouse before attempting to use it in the open 
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or in the natural habitat of the insects. Jf the disease were 
to be introduced into the field it was absolutely essential that one 
should know first if it would prove pathogenic to the eggs, lar- 
vee, рирге, or adult, to the host plant, or to the insect parasites 
of the coconut leaf miner. Also, one should find out beforehand 
the most feasible method of disseminating the fungus. In other 
words the main objectives in these experiments were to find out 
the infective capacity of the fungus on the coconut leaf miner, 
and to devise a suitable technic and method of spread for its 
practical application. 

Experiment 1. Dusting coconut leaf-miner beetles with 
spores.—The first greenhouse ? attempt to infect healthy beetles 
of the coconut leaf miner,’ fresh from the coco groves in Ta- 
nawan, Batangas Province, was made January 22, 1930, at 3 
p.m. Eighty-two beetles were placed in large, sterilized glass 
jars covered with sterilized, copper-wire gauze and were then 
dusted with spores dislodged from a fresh culture, secing to it 
that all the insects came in contact with them.  Eighty-two 
other beetles were subjected to the same conditions, without 
the application of spores, and used as control. Each jar was 
provided with food by inserting equal numbers of fresh green 
portions of coco-leaf pinnz, their fresh-cut ends being submerged 
in sterile water contained in a small beaker to keep them as 
fresh as possible; Ше pinnz were replaced daily by fresh ones. 
In order to preclude outside infection, the leaves, before cutting 
in pieces, were wiped with cotton moistened with mercuric 
bichloride solution (1:1000) and then washed with sterile 
water. To prevent marauding insects, such as ants, from gain- 
ing access to the jars, these were set in shallow pans containing 
a solution of Doctor Bode’s bacillol. 

The next morning the fungus spores were observed adhering 
to the body and elytra, buf were more noticeable on the tarsi. 
The inoculated insects were more or less sluggish and not as 
active as those in the control jars. They seemed to have lost 
their desire to eat, and very few were actually seen on the leaves. 
The majority of the insects were found at the bottom of the 


| * This greenhouse has a glass roof and metallic-cloth sides so that there 
is a free circulation of air. At the time of the experiment there was 
very little sunlight admitted because of the branches of a large rain tree, 
Samanea saman (Jacq.) Merr., shading it. і 
* Obtained through the courtesy of Мг. J. М. Mendoza і 
: .J. M. assoc - 
logist of the Bureau of Science. ' ا‎ 
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jar in a weakened condition, and very few had the desire to 
escape through the wire-gauze cover. By comparison, the con- 
trol insects were very active and the moment the wire gauze was 
removed they would crawl up quickly to the opening in an effort 
to йу away. Many were seen feeding on the leaves while some 
stayed at or near the mouth of the jars waiting for a chance to 
escape. The final results of the observations, showing the num- 
ber of casualties in each jar, are given in Table 1. 


TABLE 1.—Infection of adult coconut leaf miners by dusting with spores. 


"Total mortality. 
showing 


Beetles | 
the fun- 


Treatment, Started. | Beetles. igus dist-| Infec- 
jinetly at) tion, 
Jan. 23. | Зап. 24. | Jan. 25. | the end 
of ехрег- 
| iment. 
| 
| Per cent, 
| Dusting.............. Jan. 22, 1930 82 21 67 73 46 ¡263.0 
| Ыы IR ГУ 4о------- 82 1 7 22 ој 0.0 


= Based оп the total mortality observed January 25, 1980. 


Seventy-three of the inoculated insects died in three days, 
while many of those in the control jar remained alive for a 
much longer period and the daily mortalities were much fewer. 
Disregarding the number of insects that presumably died of 
drowning, as they were found in the beaker of water supporting 
the coco-palm leaflets, and the few that were accidentally crushed 
or pinned between the glass jar and the wire-gauze cover, and 
as they showed no outward signs of infection, making a total 
of thirty-seven in the control lot and nine in the dusted, twenty- 
two died in the uninfected lot and seventy-three in the inocu- 
lated lot in three days. Due to the greater activity of the in- 
sects in the control lot, more insects died of drowning and by 
accident. Of the seventy-three individuals that died in the 
inoculated lot forty-six, or 63 рег cent, showed distinct, identical 
fungous growths, which is considered here the actual number or 
percentage of infection. There seems, however, little doubt 
that more than forty-six beetles actually succumbed to infection, 
but because of mild attacks the outward manifestations of the 
fungus were more or less arrested by unfavorable environmental 
factors. Reisolations proved positive. No fungus appeared on 
the beetles that died in the control jar. Some of the control 
beetles survived until February 24, 1930, and eggs were found 
on the leaves after January 27, 1930, 
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The beetles collected from each jar were incubated indivi- 
dually in separate sterilized test tubes plugged with cotton. In 
about three days fungous growths were visible with the naked 
eye, coming out of the different parts of the carcass. With the 
aid of a hand lens these could be seen earlier, 

The infected carcasses lose much of their lustrous appearance 
and become dull and darker brown ocher, while the controls re- 
tain their luster and much of their natural color (Plate 1). 
The fungous growths were more conspicuous ventrally than dor- 
sally, and in some instances they covered much of the ventral 
surface (Plate 2). Generally the fungus came out more densely 
from the axille and at the juncture of the legs with the body 
segments. It was also visible at the joints of the legs, neck, the 
intersection of the segments, and at the extremeties (Plate 2). 
Occasionally the tarsi and the antenne were attacked, but the 
elytra were seldom affected. The action of the fungus on the 
coconut leaf miner is more or less the same as on the locust. 

The development of the fungus on the carcass was observed 
to be variable; on some the growth was luxuriant, on some 
moderate or fair, while on others it was scanty. This seems 
to indicate that weather conditions have a direct bearing on the 
behavior and growth of the organism. The differences might 
be ascribed also to the variation in the health or resistance of the 
individual insects. 

Experiment 2. Spraying adult coconut leaf miner with spores 
in suspension.—In another set of experiments infection was 
carried out by spraying the beetles‘ with a spore suspension 
from a fine De Vilbiss atomizer. The sprayed beetles, number- 
ing eighty-two, were kept in large glass jars and supplied with 
plenty of fresh portions of coco-palm pinne, following exactly 
the same procedure and technic as in the preceding experiment, 
except that the beaker of water supporting the coco-palm leaf- 
lets was covered with sterile cotton at the top to minimize the 
deaths due to drowning. The control beetles, also eighty-two 
in number, were atomized with sterile distilled water and kept 
under conditions similar to the inoculated ones. The bodies 
from both lots collected after each observation were kept singly 
in separate sterile test tubes plugged with cotton. The data 
given in Table 2 show the results of observation. 


‘Furnished by Mr. Pedro Sison, of the Bureau of РІ 
collected in Laguna Province. id 
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TABLE 2.—Infection of leaf-miner beetles by spraying with a spore 
suspension, 


Treatment, Mortality. 1930. Beetles 
showing 


the fun- 
gus dist-| Infec- 
inctly at} tion. 


Kind, Started, | Beetles) з | Я | d | of | є Mya 
“13 ] ре |4 | 4 [temper 
& Ё ЕА в я i 
Per cent, 
Spraying....... Feb. 7,1980 | 82] aj 31| 60| 7| n| 52| заз а 
Check... |... do...... az} 3| 2| 40| a} ы o| 0.0 


* Computed on the total mortality observed February 13, 1930, 


From the above data it will be seen that the percentage of 
beetles visibly infected as a result of spraying is much higher 
than the percentage of infected beetles in the dusting experiment. 
Of a total of eighty-two beetles sprayed seventy-one were killed, 
but it took five days, of which fifty-two, or 73.2 per cent, showed 
a marked external growth of the inoculum on their carcasses. 
Eleven were either drowned or accidentally killed. Although 
most of the insects died, those that showed no trace of the fungus 
were considered uninfected or to have died a natural death. 
There is no concrete evidence to show that all those that died in 
the sprayed lot were killed by the fungus, and no attempt was 
made to dissect all the dead insects showing no fungus evi- 
dence, owing to their smallness and their tendency to break 
easily into fragments, or become dismembered, under slight 
pressure. Nevertheless, the few cases successfully dissected 
longitudinally showed fungous growths, which, when cultured, 
yielded a species of Aspergillus. 

Fifty-one of the control insects died, but some lived for a 
longer time than those inoculated. No fungus was observed. 
Twenty-five of the beetles were either drowned or killed by 
accident and two escaped. 

Owing to the close similarity of the growth of the fungus on 
the victims (Plate 3) only a few reisolations were made from 
the doubtful cases and these gave positive results. Spraying 
evidently proved more effective than dusting with spores, prob- 
ably because the spores were provided with extra moisture, 
which facilitated germination and initial infection. 
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Experiment 3. Infection of healthy coconut leaf-miner bee- 
tles 5 by contact with inoculated опез-- this experiment, which 
was conducted in duplicate, it was the aim to create a sort of 
epidemic or infect healthy living specimens by mixing with them 
a few inoculated ones. Ten active beetles were selected and 
smeared with a thick spore suspension of the fungus in a sugar 
solution and then released in a sterilized glass jar containing a 
certain number of disease-free beetles. The same procedure and 
aseptic precautions were followed as in the foregoing experi- 
ments, excepting the method of infection. All dead bectles from 
the four jars were removed and kept in separate sterile test 
tubes with cotton plugs for further examinations. The number 
of beetles used in these tests were not the same because of the 
extreme difficulty in counting large numbers, and in order to 
avoid unnecessary handling. The results are shown in Table 3. 


TABLE 3.—Showing the results of infecting healthy adult coconut leaf miners 
фу introducing with them inoculated ones. 


Treatment. Total mortality. 
Rectlon 
showing 
Bee | « E 3 ei 15e Infec- 
Kind. Started. | ‘thea | tes | TS] Et Hor 
used. [oc 8 | $ | 8 | B |unety. 
я ala = 


Per cent.) 
' 


Natural contact. 99 | 10| 53| 64| 64| 69 в | «11.6 

Сопітої 95| oj 39| 44| 44| 46 o| оо | 
Natural contact. 104 10 49 62 | 65 68 51 97.3; 
Рон рр A 122} 0| 56| во | 61 |562 oj оо | 


в Based on total mortality observed March 22, 1930. 
Ъ Two beetles were attacked by a species of Aspergillus. 


The few cases of successful infection that resulted from the 
foregoing experiment proved this method to have no appreciable 
effect. In the first set only eight beetles developed the disease 
while in the second set only five were infected, indicating that 
probably no contamination took place, and not even the ten 
beetles introduced with the fungus in each set of experiment 
were all killed. This seems to show that with this particular 
insect pest, the possibility of artificial transmission or spread of 
the fungus by natural contact is very meager, if not altogether 
lacking. As far as the writer's observation is concerned, the 
only possible chance of contact is when a healthy beetle copulates 


* Obtained through the courtesy of Mr. F. Q. Otanes, entomologist of the 
Bureau of Plant Industry, around San Pablo, Laguna Province. 
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with an infected one, or when a relatively large number of the 
insects are confined in cramped quarters, so that the live beetles 
pass over the dead remains. Wind may blow spores from in- 
fected insects and, by chance, some of such spores may lodge on 
uninfected beetles. The same fungus was recovered in reisola- 
tions. 


ARTIFICIAL INFECTION OF THE COCONUT LEAF MINER IN LARGE WIRE CAGES 
PLACED IN THE OPEN 


The results of infection experiments conducted in the labora- 
tory have often been criticized because the conditions under 
which the insects were kept could not be called normal, and the 
methods evolved could not be applied in practice on a large scale. 
With this in mind, experiments were undertaken outdoors where 
fresh and usually drier air prevails, in order to simulate nature 
as much as possible and at the same time approach, as far as 
is humanly possible, an efficient method. 

The larval and pupal stages of the coconut leaf miner are 
passed in excavations, made by the larve in the parenchyma 
of the leaves between the upper and lower epidermis, so that 
they are more or less protected from the attack of nonmotile 
organisms. The use of fungous parasites, therefore, is some- 
what at a disadvantage in this respect. 

Large wire-screen (1/16-inch mesh) cages, made for the pur- 
pose were used. The cages were 1.5 meters high, 90 centimeters 
wide, and 90 centimeters deep. The wooden frame-work соп- 
sisted of narrow strips in order to secure normal aération as far 
as possible (Plate 5). The legs were set in shallow vessels 
containing a solution of Dr. Bode's bacillol to prevent ants and 
other insectivorous animals from gaining entrance. After steri- 
lizing the cages, two healthy and vigorous coco-palm seedlings, 
about 2.5 meters high, free from leaf-miner attack and other 
blemishes and planted in sterilized soil in pots, with the leaves 
having been previously sterilized, were set on the wooden floor 
of each cage (Plate 5). All the cages were placed in the open 
but were so arranged that they received no sunlight after 1 
o’clock in the afternoon. In order to assure the use of almost 
sterile beetles, trips were made to the leaf-miner regions to se- 
cure new broods as much as possible, and some were bred by 
the writer in a large wire cage, where the stock of beetles were 
released and fed before using. For every experiment therefore 
a fresh supply of beetles was used, and these were collected from 
the coco-palm groves not treated with insecticides. All outdoor 
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infections were done in the afternoon in order to maintain a 
certain amount of humidity about the experimental cages and to 
avoid rapid drying of the solution enveloping the microspores. 
Thus, the experiments were as nearly normal as possible. а 

Experiment 1.—In this infection experiment fifty healthy an 
active beetles * were selected for each of the two treatments and 
fifty for the control. Two methods of inoculation were em- 
ployed: First, by dipping twenty beetles for a few seconds in a 
suspension of spores in syrup solution made by mixing copious 
spores in 1 cubic centimeter of 2:1 boiled syrup with 20 cubic 
centimeters of sterile distilled water, and then releasing them in 
cage 1 containing thirty healthy beetles supplied with abundant 
fresh food. Second, by spraying the lower surfaces of the steri- 
lized leaves in cage 2 with a spore suspension until.they were 
visibly wet before liberating inside fifty beetles, collected in a 
sterile test tube with the help of a curved, flexible forceps. 
The spores used for this experiment were obtained from a 42- 
day-old potato-glucose-agar culture. In the control cage, or 
cage 3, which was placed some distance away, the lower surfaces 
of the sterilized coco leaves were atomized with sterile water and 
twenty of the beetles were dipped in sterile water before releas- 
ing them with thirty others. The dead or dying beetles were 
collected individually in separate sterile test tubes provided with 
Sterilized cotton plugs after each observation. The percentages 
of infection resulting from the two methods are presented in 
Table 4. 

From Table 4 it will be seen that the chance of artificially pro- 
pagating the fungus by natural contact is very meager, despite 
the proportion of beetle carriers to facilitate contacts. The re- 
sult was not very encouraging as only two beetles were contam- 
inated. This may be attributed partly to the fact that the in- 


° Obtained through the kindness of Mr, 5. S. Gonzales 
tomologist of the Bureau of Plant Industry, from Lipa, 
ince, 


» assistant еп. 
Batangas Proy. 
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TABLE 4.—Result of artificial infection of adult coconut leaf miner by dip- 
Ping tn spore suspension in syrup solution, or spraying the lower sur- 
faces of the coco leaves with spores diluted with sterile water. 


Mortality. E 3 
В Rz 
" i НЕ cape 
et. | 5 | B Treatment. ШЕ 3 «2 | Чеш. Remarks. 
zm $i» Inclusive m B е 
2 | 3 3 lates. Зб 
HE. E 33 
о |а аа а” 
Р.а. 

11 50 | Dipping 20 bee- | 32 | 50 | July 2 to 22 | 44.0 | Six beetles past- 
tles {п spore August 2, ed by the fun- 
suspension be- 1930. gus on the 
fore | mixing leaves. 
with the others. 

2 | 60 | Spraying the | 30 | 50 | July 5 to 31, 24 | 48.0 ! Nine beetles 
g8 | leaves before 1930. pasted by the 
е allowing bee- fungus on the 
- tles to eat. leaves and 
2 three on wire, 
i» One accident- 

ally killed. 

3 | 50 | Control: 20 | 50 | 47 j July 19 to | None. | 0.0 | Three || beetles 
beetles dipped August 20, still living Au- 
in, and leaves 1930. gust 20, 1930. 
sprayed with, $ 
sterile water. 


treated cages some of the beetles that perished without losing 
their hold on the leaves were held fast to the leaves by a copious 
growth of fungus on their bodies (Plate 4), and three were found 
held to the wire-screen wall of cage 2 by the fungus that cov- 
ered them, although the majority dropped to the floor. The 
hypogenous attack on the leaves was much in evidence by the 
longitudinal scars present, and eggs were laid, especially on the 
leaves in the control cage. The insects that died as a result of 
infection were not readily recognized until they displayed con- 
spicuous mycelial outgrowths from their body sutures. A si- 
milar diseased condition invariably developed in the infected 
beetles, while none of the untreated ones showed any evidence 
of fungus. Reisolations agreed in all respects with the culture 
used as inoculum. 

From the result of the second part of the experiment, there 
seems to be no doubt that the spores in the leaf tissues ingested 
by the beetles live within and penetrate the insect tissues 
through the chitin integument, developing profusely on the sur- 
face. А more liberal use of the fungus would probably have more 
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disastrous effects. Dufrénoy,(8) in his studies on the transmis- 
sion of plant diseases through biological channels, found that 
some coleopterous insects harbor certain parasites in their ali- 
mentary canal, which multiply and remain during a part of 
their life eycle and cause infection when conditions become Та- 
vorable. This author further states that in some instances Ше 
insect carriers become the victims of the fungi they carry, such 
as Beawveria. 

Experiment 2.—Another method of infection has been tried 
in this experiment; that is, by spraying coconut leaf-miner 
beetles? while they were feeding on the leaves with spores sus- 
pended in sterile water, using a fine atomizer. The experiment 
was begun October 11, 1930, using spores obtained from a 
30-day-old culture on leaf-miner decoction agar. The beetles in 
the control cage were atomized with sterile water. All precau- 
tions used in the preceding experiment were observed carefully. 
The results are recorded in Table 5. 


TABLE 5.—Artificial infection of leaf-miner beetles by spraying them on the 
leaves they ate with a spore suspension. 


Observationa. ыд 

B E H 

с. ee- [^ 
Gage Date. tles | Treatment. 311165 | Remarks. 
ез, Total 29| tion А 

Dates. mor- | £ 51 
tality. FH 
а= 
P. ct. 

1 | Oct. 11, 1930 50 | Beetles вргау- | Oct. 13 to 21, 43 | 29 |*67.4 | Four pasted 
ed on the 1930. by the 
leaves they fungus on 
eat with the leaves. 
Bpore вив- 
pension. 

3 | Oct. 11, 1930 50 | Control; | Oct. 18 to 40 0 0 | None. 
sprayed Nov. 25, 
with sterile 1930. 
water. 


2 Based on total mortality. 


Of the fifty beetles sprayed forty-three died. Twenty-nine of 
these showed the presence of the inoculum used, and four of them 
were found pasted by the fungus on the undersurfaces of the 


“From a new brood of adult coconut leaf ті 
miner 
Calauan, Laguna Province. несне 
mbr N М к 
This medium is a mixture of 100 grams pounded leaf-miner beetles 


(oven-dried), 15 grams agar-agar, 20 grams di 
, ext i 
timeters distilled water. d юлт piene 
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leaves. Taking into account only those that showed the presence 
of the fungus, the rate of infection by this method was 67.4 per 
cent, which, by comparison, is considerably higher than in the 
preceding experiments, conducted also under similar conditions, 
and the beetles succumbed much quicker, At the time this ex- 
регітепі was іп progress, the Rev. Dr. Miguel Selga, director 
of the Weather Bureau, Manila, reported the prevalence of a 
prolonged warm, humid atmosphere,* which probably accounts, 
in part, for the high rate of mortality, which is also accentuated 
by the use of cultures of suitable virulence, and through exposure 
to both internal and external infection. 

When the experiment was closed seven beetles were still living 
in the sprayed lot and ten in the unsprayed. None of the con- 
trol beetles that died showed any trace of fungous attack. The 
action on the beetles is similar to that on its usual host. The 
same fungus was recovered in reisolations. 

The above experiments show evident results and will lead to 
More extensive experimentation, but results are far from being 
invariably successful because success is contingent upon certain 
ecological factors beyond human control. 


EXPERIMENTS ON THE EFFECT OF THE FUNGUS ON THE PLANT HOST 


In view of the fact that Sporotrichum globuliferum Speg.(9) 
and other species have been observed to infect plants, tests 
were conducted with a view to finding whether or not the fungus 
would also affect the coco palms. July 15, 1930, two young, 
healthy coco seedlings, about 2.5 meters high, were sprayed by 
means of an atomizer, on the foliage and at the base of the 
youngest leaf with a large dose of spores diluted in sterile water, 
to the extent of drenching the growing point. The same process 
was repeated July 22, 1930, or just a week later. Another plant 
used as control was sprayed with sterile water. 

From July 29 to October 18, 1930, when the experiment was 
closed, observations made at weekly intervals revealed that the 
fungus had no ill effects on the coco seedlings. Spores Sprayed 
on the leaves and on the growing point apparently produced no 
disease symptoms. 1t proves that if the fungus is used exten- 
sively to control the leaf miner, there should be no fear of the 
fungus damaging the coco plants except perhaps through mechan- 
ical injuries, or when the fungus is transported through wounds 


* Absence of typhoons now is cause of prevailing heat wave, The Tri- 
bune Year 6, No. 140 (1930) 12, Manila, Philippines. 
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TABLE 6.—Observations om the effect of spores of Beauveria globulifera 
(Speg.) Pic. sprayed om coco-palm seedlings; sprayed July 15 and 


22, 1930. 
Observations.* 

Date. Seedling 1. Seedling 2. 

1930 
July 29.-2. AE occ e ОРЧИН ААИ ЕА - ---| No effect. 
August 5-- El Do. 
August 12. Do. 
August 19. Do. 
August 26... . Do. 
September 2. Do. 
September 9.. Do. 
September 16...... Do. 
September 23... Do. 
September 30... Do. 
October 7---- Do. 
October 14... Do. 
[o B === Do. 


a The control seedling remained healthy also. 


or tunnels made by other insects, such as the red coconut weevil, 
Rhynchophorus ferrugineus Fabr., which has been declared by 
Petch(17) susceptible to the attack of either Beauveria globuli- 
fera or B. bassiana in specimens he obtained from Ceylon. 


TESTS FOR LONGEVITY OF SPORES SPRAYED ON THE LOWER SURFACES 
OF COCO LEAVES 


August 11, 1930, spores from a 20-day-old culture of Beauveria 
globulifera (Speg.) Pic. were mixed with 2 per cent syrup solu- 
tion and 2 per cent gum arabic solution and sprayed separately 
on the lower surfaces of the leaves of two coco-palm seedlings. 
Before spraying, the leaves were wiped with cotton moistened 
with 1 : 1000 mercuric chloride and later washed thoroughly with 
cotton drenched with sterile water. At certain intervals spores 
adhering to the lower surfaces of the leaves were tested for viabil- 
ity, and at the close of the experiment the sprayed leaves were 
examined for symptoms that might have been caused by the 
fungus. The results are recorded in Table 7. 

Table 7 shows that the viability lasted sixty-nine days on the 
leaves sprayed with spores diluted with 2 per cent syrup solution 
and a much shorter time on the leaves sprayed with spores mixed 
with 2 per cent gum arabic solution. Gum arabic and syrup 
were used not so much with the view to prolonging the life of 
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TABLE 7.—Tests for the longevity of spores of Beauveria globulifera, (Speg.) 
Pic. in suspension, sprayed on the lower surfaces of the coco-palm 
leaves. 


Culture. 


Flant | Vehicle used in spraying spores. 
Age. Used. 


1 | Syrup (2:1) diluted with sterile | Twenty-day old on potato glucose | Aug. 11, 1930. 


water 2 per cent, agar+1 Е. 5. 
2 | Gum arabic, 2 per cent in sterile |... do noc dice norris Do. 
water. 


Date tested and observation. 
rat - Remarks. 


No. 
Aug. 19, 1930. | Sept. 11, 1930. | Sept. 25, 1930. | Oct. 18, 1930. 


--| Viable........| No disease developed. 
-| None......... Do. 


the organism but mainly to serve as adhesives. The syrup solu- 
tion in this experiment apparently served the dual purpose in- 
tended and gave the better result. A further test would prob- 
ably show that the spores will remain viable for a much longer 
period, especially if they are applied more abundantly and spray- 
ing is done more liberally, so that a larger quantity of the spores 
stick to the leaves and facilitate detection. As the spores con- 
stitute the chief means of propagation, the significance of the 
test cannot be too strongly emphasized as on it will depend to 
a large measure the success of the agricultural application of 
fungous diseases against injurious insects destructive to, or 
feeding on, the leaves, under normal conditions or in their na- 
tive habitat, This test again proved the harmlessness of the 
fungus to the plant host. 


EFFECT OF THE FUNGUS ON THE HYMENOPTEROUS PARASITES OF 
THE COCONUT LEAF MINER 


Of the natural enemies of the coconut leaf miner that played 
а prominent róle there are six species of hymenopterous para- 
sites, commonly called larval parasites, preying on the larvze and 
pupz.? To determine the susceptibility of these tiny insects to 
Beauveria globulifera, three experiments were conducted in the 


laboratory. 
"Information obtained from Mr. Pedro Sison, assistant entomologist 


of the Bureau of Plant Industry, March 13, 1930. 
271104—9 
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EXPERIMENT I 

March 13, 1930, a few newly emerged larval parasites were 
obtained from Mr. Pedro Sison, assistant entomologist of the 
Bureau of Plant Industry at San Pablo, Laguna Province. Six 
of these tiny insects were confined in a sterilized 1-inch-dia- 
meter test tube plugged with cotton and were supplied with 
sugar-solution food placed on a piece of paper in small droplets. 
Four others were placed in another test tube of the same size 
and were given the same treatment. These tubes were placed 
horizontally on a table near a window. March 19, 1930, in the 
afternoon, six insects in one of the tubes were transferred into 
a sterile test tube, the inner wall of which was literally covered 
with a thin layer of spores of Beauveria globulifera. They were 
allowed to roam about for a few minutes until spores could be 
seen clinging to them, with the aid of a hand lens, when they 
were transferred again to the tube from whence they came. 
The other four insects in the other tube were used as controls. 
Great care was taken that none of the insects received injury 
of any kind in handling. The setting of the experiment was 
done expeditiously to avoid contamination from the air. As 
the insects are attracted by the light, their transfer from one 
tube to another was facilitated by pressing the mouths of the 
tubes together and placing the bottom of the tube to which the 
insects were to be transferred towards the light. In this way 
the insects crawled to the tube receiving more light and were 
thus transferred easily from one tube to another. Dead insects 
were collected with a sterile platinum loop into separate sterile 
test tubes at each observation. 


TABLE 8.—Inoculation of hymenopterous parasites of the coconut leaf miner. 


Four insects untreated and і | 
used as check. Six insects allowed to walk on spores. 


Date observed. [Number infected.|| Date observed. Number infected. Reiaolationa. 
Mar.20, 1930 | All living...... Mar.20, 1930 | One died, 8 a. m... Aspergillus вр. 
One died, 9 a. т..____ 

Mar.21, 1930 |..... dis Mar.21, 1930 | Two died, 1.30 р. m.; | One positive; 1 As- 
fungus growth уів- pergillus вр. 
ible. 

Mar.22, 1920 |.....do........ 

Mar.24,1930 |... Чо Mar.24, 1930 | Two died. 


Aspergillus вр. 


Маг, 26, 1930 |...-- do... 
Маг.28, 1930 |... do... 
Mar.81, 1930 |... do... 
Apr. 2,1930 |... do. 
Apr. 8,1920 [..... do. 
Apr. 11,1930 |... do... 
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As given in Table 8, the parasites that were artificially infected 
died in one to five days after the date of inoculation, while those 
uninfected lived for twenty-three days, or until April 11, 1930; 
when observations terminated. Reisolations were made from 
the inoculated insects of which only one showed the inoculum 
used, while the rest yielded a species of Aspertillus. The results 
seem to show that the organism is not an active pathogene of the 
leaf-miner parasites. The failure of the fungus successfully to 
infect more of the insects may be attributed to the habit of these 
tiny insects. Like the house fiy they are very active and are 
capable of cleaning themselves by brushing off with their legs 
water droplets, spores, or any object clinging to their bodies. 
Being very small the few spores which adhered to them might 
have fallen of their own weight or through their jerky move- 
ments, especially when desiring to fly. 


EXPERIMENT II 


June 28, 1930, at 11.30 a. m., thirteen leaf-miner larval para- 
sites obtained from Mr. S. S. Gonzales, at Lipa, Batangas Prov- 
ince, the previous day were transferred into a sterile 1-inch test 
tube containing spores of the fungus, and were allowed to roam 
around for about two minutes before transferring them into 
another l-inch sterile test tube. Thirteen other larval parasites 
were placed in another large sterile test tube and used as con- 
trols. Diluted honey was supplied as food for the insects by 
putting small droplets on pieces of sterilized coco-palm leaflets. 


TABLE 9.—Artificial infection of larval parasites of the coconut leaf miner. 


Й Mortality. 1930. 
Insects in 
"Treatment. Date set. each treat- 
ment. | June 80. | July2. | Tuy 11. | July 14. 
Inoculated.........| June 28,1930 13 *4 ЕН ЕЕ ВЕНА 
Control. 13 None. 12 None. 1 
| n Reisolations. 1930. 
Treatment. Date set. 
Inoculated. Control. 
Inoculated... June 28, 1930 | July 11; 2 doubtful; 7 As- | July 11; 5 Aspergillus вр. 
pergillus sp. 
Сопто .--4|-.--- E: ----- July 16; 4 Aspergillus sp. July 16; 1 Aspergillus sp. 
d = 
* One dying. ` 


As shown in Table 9, four of the inoculated larval parasites 
died two days after inoculation and one of which was in mori- 
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bund condition. In two more days all the remaining insects in 
the inoculated tube perished, while twelve died in the control 
tube. The lone parasite remaining in the control tube lived 
until July 14, or sixteen days, from the time the experiment was 
started. When the reisolations were made from those showing 
the presence of fungus, two of the inoculated insects showed a 
white fungus associated with a species of Aspergillus but they 
were not very typical ої Beauveria globulifera. The other in- 
sects gave negative results, while six of the control insects yielded 
a species of Aspergillus. The contaminating organism that de- 
veloped on both the inoculated and control insects was probably 
present on them before the inoculations were made because the 
original locality from which the insects came was a very humid 
place. 
EXPERIMENT IIT 

Following the same treatment and method of inoculation a 
third trial was made. July 31, 1930, abundant spores obtained 
from a fresh culture of the fungus were spread on the inner 
surface of a 1-inch sterile test tube and into it were placed newly 
emerged parasites obtained from Мг. С. Buligan, of the Bureau 
of Plant Industry at Magdalena, Laguna Province, the previous 
day. Twenty-seven parasites were allowed to roam about for 
four minutes before allowing them to return to their former 
confinement—another large sterilized test tube. Diluted honey 
in fine droplets placed on pieces of sterilized coco-palm pinne 
was supplied as food. "Thirty uninoculated parasites were re- 
leased in the same-sized test tube and given the same food. The 
results are shown in Table 10. 

It will be seen from the results tabulated that the inoculated 
insects died much sooner, while at the close of the experiment 
August 9, 1930, eighteen of the untreated insects were still alive 
and two remained healthy until September 7, 1930. Eleven in- 
sects showing fungous growth in the inoculated lot and two of 
the controls yielded a species of Aspergillus and were, therefore, 
negative. Just how these insects picked up the contaminating 
organism cannot be explained. 

The three preceding experiments tend to show that the fun- 
gus is not an aggressive pathogene of the coconut leaf-miner 
parasites, although the tests were not so extensive as to warrant 
definite conclusions. There is little likelihood, however, that 
these so-called larval parasites would fall easy prey to the fungus 
because they are hidden with the larve and рирге they attack 
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TABLE 10.—Artificial inoculation of larval parasites of the coconut leaf 


miner. 
Treatment. Insects НЕА Mortality іп inoculation. Mortality in control. 
1930 
Тпоеша{ей.........| 27 | Aug. 2 | Eleven died: 5 showed | None. 
fungous growth; 2 died 
in honey. 
Check. 30 | Aug. 4 | Thirteen died: 6 showed Two died; no fungous 
{ungous growth; 1 died evidence, 
in honey. 
Three died; no fungous 
evidence. 
One died in honey. 
Three died in honey. 
-| None. 
Two died; 1 drowned, 
apparently. 
Reisolations. 
— à 5 سنت‎ 
Inoculated. Control. 
Eleven insects yielded mold; no fungus devel- | Two insects developed mold while the others 
oped in the rest, попе. 


within the leaf tissues. In other Words, these parasites are pro- 
tected not only by the thick epiderma of the coco leaves but also 
by the coating of their hosts where they pass the greater part of 
their life. As these parasites become full grown, they pass out 
of the leaves through tiny punctures made in the epidermis and 
probably live on other hosts during this intervening period until 
they are able to lay eggs, or die without perpetuating their 
Species. Many of them probably succumb to adversities of 
weather, while numerous others are perhaps destroyed by their 
predators and hyperparasites. 


SUMMARY AND CONCLUSIONS 


This paper reports primarily the results obtained from experi- 
mental attempts to infect artificially the adult coconut leaf miner, 
Promecotheca cumingi Baly, with a fungus which has proved 
identical with Beauveria globulifera (Speg.) Pic. 

The opinion or observation of previous investigators that 
when an insect pest has reached its maximum numbers or be- 
comes excessively numerous a fungous epidemic generally ensues, 
did not hold true with the coconut leaf miner. However, a few 
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isolated cases of inactive fungous pathogenes have been encoun- 
tered. Their development and spread are greatly dependent 
upon weather and climatic conditions. 

Several methods were employed with varying degrees of suc- 
cess in artificially inducing the disease on the coconut leaf miner; 
namely, by dusting the beetles with spores; by spraying them 
with spores in water suspension; by applying spores on some 
individuals and releasing them with the healthy ones (or by 
natural contact); by spraying the lower surfaces of the coco 
leaves they eat with a spore suspension; and by spraying the 
beetles with a suspension of spores while they are feeding on the 
leaves. Under natural conditions the last method proved to be 
the most effective, causing a high percentage of fatality, be- 
cause of exposure of the insects to both external and internal 
infection. Spraying is also more feasible because the beetles 
do not usually fly in the daytime even if disturbed, except at 
dusk and at dawn. 

The infectious nature of the fungus has been demonstrated by 
experiments conducted under properly controlled conditions. 
In tests conducted in large wire cages in the open, or under con- 
ditions approaching to some extent those found in nature, the 
organism proved a pathogene of considerable importance to 
healthy beetles of the coconut leaf miner, causing 44 to 67.4 per 
cent mortality. Under greenhouse conditions, positive results 
were also obtained, the mortality ranging from 7.3 to 73.2 per 
cent, depending on the method of inoculation or propagation 
employed. The course of the disease was the same as on its 
natural host. 

The experiments carried out in the open were not extensive 
enough and further tests should be made in the coco-palm regions 
to determine more definitely the efficacy of this fungus before 
recommendations can be made. 

| That this parasitic locust fungus can be artificially commu- 
nicated to healthy beetles of the coconut leaf miner evidently 
proves the pleophagous nature of the organism. 

The viability of the spores of the fungus sprayed on the сосо- 
amp Ll се ni tente to last two months and nine days, 

LUN probably reveal that the spores will re- 
main viable for a much longer period, especially if spores are 
applied more abundantly to facilitate detection. The value of 
the test lies in the fact that the longer the spores remain viable 
the greater the chance for the insects to be infected. 
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Although Sporotrichum globuliferum and other species of Spo- 
rotrichum have been reported to infect many kinds of plants, 
the healthy coco palms seemed apparently immune to it. 

On the whole, all attempts to infect the hymenopterous or so- 
called larval parasites have ended in failure, indicating that this 
fungus is probably not an aggressive pathogene of these tiny 
insects. There seems to be little fear of these beneficial insects 
falling ready victims to the fungus as they spend the greater part 
of their life cycle within the coco leaves and are thus protected, 
not only by their thick, more or less glossy or waxy epiderma, 
but also by the coatings of the larvee and рирге in which they 
hibernate. It is not definitely known where the parasites spend 
the rest of their mature Ше, Being short-lived animals it is 
presumed that they are either destroyed by their predators and 
hyperparasites or that they die a.natural death after perpetuat- 
ing their species. ; 
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ILLUSTRATIONS 
PLATE 1 


Coconut leaf miner beetles, Promecotheca ситіпуї Baly, infected by dusting 
with spores dislodged from a fresh culture of Beauveria globulifera 
(Speg.) Pic. (The presence of the fungus in the mass at the top can 
be seen clearer with the aid of а magnifier.) Compare the dull ap- 
pearance of the infected beetles with the shiny and darker, control 
beetles at the bottom. Photographed six days after date of infection. 
Approximately X 1.6. 

PLATE 2 


The eight coconut leaf-miner beetles to the left show the characteristic 
growth of the inoculum, indistinguishable from one another, distrib- 
uted irregularly in patches over the head and ventral side, in compar- 
ison with the uninoculated ones to the right. About 2.5 times natural 
size. 

PraTE 3 


Three adult coconut leaf-miner beetles, greatly enlarged, to show con- 
spicuously the fungus produced by spraying with Spores in suspension. 
Note the luxuriant, cottony-white growth of fine filaments enveloping 
the insects and forming a more or less furry coating, especially over 
the body sutures. 

PLATE 4 


Coconut leaf-miner beetles stuck fast by the fungous growth to the lower 
surfaces of coco-palm pinnz as a result of artificial infection, dying in 
their natural position. The beetles on portions of two leaflets to 
the right were a result of dipping the beetles in spore dilution while 
the other beetles on the two other leaflets to the left were a result 
of spraying the undersurfaces with a spore suspension before al- 
lowing the beetles to eat. The narrow longitudinal scars on the 
leaves show the hypogenous attack. Natural size. 


PLATE 5 


A sample of the cages used for outdoor infection of the coconut leaf-miner 
Ъеейе, having narrow strips of wooden frame-work, а wire top and 
sides and a wooden floor, measuring 1.5 meters high, 0.9 meter wide, 
and 0.9 meter deep. The legs stand in shallow dishes containing lysol 


solution. 
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PLATE 5. 


THE PHILIPPINE SPECIES OF PARASTERINA 


By José MIGUEL MENDOZA 
Of the Division of Botany, Bureau of Science, Manila 
FIFTEEN PLATES 


In this paper sixteen species of Philippine Parasterina have 
been studied, two of which are new. A key for the species has 
been prepared, as well as a short key to include the genera 
closely related to Parasterina, All descriptions and illustra- 
tions have been prepared from specimens available in the her- 
baria of the Bureau of Science, Manila, and the College of 
Agriculture, University of the Philippines, Los Baños, Laguna. 


INTRODUCTION 


The family Microthyriacex, to which the old genus Asterina 
and the new genus Parasterina belong, constitutes a very large 
group of fungi generally found in great abundance in the Tro- 
pics. They are mycologically interesting on account of their 
color shades, which vary from a beautiful transparent green to 
amber or dark brown, and because of the different shapes of 
the numerous hyphopodia that are present in many of the genera. 


HISTORY 


The genus Asterina, from which Parasterina was separated, 
is ап old one founded by Léveillé: In earlier work this was 
interpreted to include the paraphysate species now placed in 
Parasterina. These became so numerous, however, that the 
new genus was established to include them. 

There have been diverse opinions as to what species should 
be taken as the generic type of Asterina. Theissen? first pro- 
posed that A. azarae be adopted since Léveillé's type, A. melas- 
tomatis, is missing, and since the specimens named by Léveillé 
and deposited in different herbaria are not in accord. Subse- 


* Ann. Sci. Nat. 3 (1845) 59, 
'Fragmenta brasilica V nebst Besprechung einiger Microthyriaceen, 
Ann. Mycol. 10 (1912) 164. 
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quently, Theissen * advocated that the Parisian collection of A. 
melastomatis be regarded as the type, but for certain plausible 
reasons he finally decided that it would be better to return to 
his original proposal, and take as the type A. azarae, a Species 
that has no paraphyses. Н. and P. Sydow * supported Theis- 
sen’s idea and added further that if the paraphysate A. melasto- 
matis were taken as the type of the genus Asterina only a very 
small number of species could be included under it, while many, 
if not all, of those without paraphyses would be included under 
the genus Dimerosporium, where D. abjectum Fuck. (= Aste- 
тіпа veronicae) is the representative type. This would ob- 
viously be faulty since over one hundred currently accepted 
species of Asterina would come under Dimerosporium as now 
understood, this being an entirely different genus established 
long before. It was, therefore, decided to divide all species 
of Asterina into two groups; those without paraphyses with A. 
azarae (Dimerosporium abjectum Fuck.) as the type are to 
be retained under the genus Asterina and those with paraphyses 
are to be assigned to a new genus Parasterina of which Paraste- 
rina melastomatis (Lev.) Theiss. (— Asterina melastomatis) 
is the type. 

In order to distinguish the genera that are closely related to 
Parasterina, a key patterned after that of Theissen* is pre- 
sented. 

Key to the genera. 


1. Mycelium present, hyphopodia or knotted mycelial hyphae present. 
2. Paraphyses present . .. Parasterina. 


2, Paraphyses absent .... ....... Asterina. 
1. Mycelium present; hyphopodia absent. 

2. Spores brown Asterinella. 

2. Spores colorless . - Calothyrium. 
1. Mycelium wanting. 

2. Spores brown Seynesia. 


2. Spores colorless .. .. Microthyrium. 


Genus PARASTERINA Theissen and Sydow 
Parasterina THEISSEN and буром, Ann, Mycol. 15 (1917) 420. 


Mycelium present, superficial, with hyphopodia or knotted 
cells; mycelial conidia one-celled or absent. Fruiting bodies 


* Cfr. die Gatung Asterina, Abh. der К. К. Zooligi ъв і 
Shaft Band 7 (1912-1913) 213. анна а 


‘Ann. Mycol, 15 (1917) 245-246. 
Le genre Asterinella, Brotéria: Série Botanica 10 (1912) 104-124. 
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roundish, flat, or hemispherical, radial, with central opening, 
radially splitting in the process of development, the surface 
very often sloughing off to a considerable degree. Hypothecium 
flat or somewhat concave, colorless. Ваза] membrane present 
or absent. Hymenium simple, with many asci. Asci ovoid to 
globose, thick walled, 8-spored. Paraphyses always present, 
often thickened at the top, slimy and agglutinate, forming a 
distinct epithecium. Spores brown, 2-celled. 


Key to the species of Parasterina Theissen and Sydow. 


1. Spores either spiny, warted, or with a roughened gelatinous surface. 
2. Spores spiny. 
3. Spines slender; hyphopodia 1-celled, abundant, distinctly lobed. 
15. P. spinosa. 
3. Spines coarse; hyphopodia 1-celled, few, never lobed. 
16. P. tayabensis. 
2. Spores warted. 
3. Hyphopodia 1-celled, rare, apex rounded or slightly lobed. 
4. Р. dilleniae. 
3. Hyphopodia 2-celled, numerous, apex distinctly lobed. 
8. P. jasminicola. 
2. Spores with a roughened gelatinous surface, 2- to 4-lobed. 
3. P. cipadessae. 
1. Spores smooth. 
2. Spores subacute at both ends, cylindrical... 2. P. canthi. 
2. Spores rounded at both ends, either elliptical or oblong. 
3. Hyphopodia rounded at the apex to very slightly lobed. 
4. Perithecia often in clusters, cylindrical, occasionally rounded; 
spores 15 to 17 и long, 8 to 9 д и бел... 9. P. litseae. 
4. Perithecia not in clusters, rounded; spores 18 to 25 и long, 10 to 
12 и wide - 1. P. astroniae. 
3. Hyphopodia distinctly lobed but not flabellilobed. 
4. Perithecia usually long, eylindrical, occasionally rounded. 
T. P. homalomenae. 


4. Perithecia rounded. 
5. Spores 19 to 21 и long, 9 to 11 д wid 10. P. momordicae. 
5. Spores 14 to 16 и long, 6 to 8 y wide............ 14. Р. samarensis. 
3. Hyphopodia йаБе1їоБЬеа............................................ 11. P. nycticaliae. 
3. Hyphopodia never lobed, rounded at the apex. 
4. Perithecia rounded to cylindrical. 
5. Spores banded . 
5. Spores bandless . 
4. Perithecia rounded, never cylindrical. 
5. Hyphopodia long, cylindrical, 13 to 16 д long; asci ovoid; spores 
21 to 25 y long, 11 to 12 в in diameter... 6. P. fagarae. 
5. Hyphopodia short, cylindrical, 10 to 12 п long; asci oblong to 
ovoid; spores about 20 р long, 5 и in diameter. 
5. P. eugeniae. 


12. P. pemphidioides. 
13. P. ramosi. 
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1. PARASTERINA ASTRONIAE (Yates) comb. nov. Plate 1, figs. 1 to 5. 
Asterina astroniae YATES in Philip. Journ. Sci. Bot. 12 (1917) 370. 


Fungous colony forming suborbicular to round, marginate 
spots, 4 to 8 millimeters in diameter, oftentimes confluent. Му- 
celium black, composed of a few, irregularly branching, septate 
hyphe 3 to 4 и wide; branches anastomosing. Hyphopodia uni- 
cellular, few, irregularly distributed, ovoid, oblong, generally 
slightly lobate, 5 to 6 » long, 4 to 6 р in diameter. Perithecia 
numerous, suborbicular to round, 160 to 200 y in diameter; walls 
splitting, composed of dark brown hyphz, 2 to 4 y. wide; peri- 
phery slightly fringed. 

Asci subglobose to ovoid, 45 to 55 p long, 28 to 34 y. in diam- 
eter. Spores heaped together, oblong, rounded at both ends, con- 
stricted at the single septum, dark brown, frequently with the 
cell contents contracted, 18 to 25 и long, 10 to 12 p in diameter. 

SAMAR, Catubig River, Dur. Sci. 24269 M. Ramos (type in 
Bur. of Sci. herb.), March 21, 1916, on Astronia sp. 


2. PARASTERINA CANTHI (Yates) comb. nov. Plate 2, fige. 1 to 5. 
Asterina canthi YATES in Philip. Journ. Sci. Bot. 13 (1918) 372. 


Forming epiphyllous, black, irregular, crestlike spots, 5 to 6 
millimeters in diameter, sometimes covering the whole surface 
of the leaf. Mycelium abundant, attached to the surface of 
the leaf, composed of dark brown hyphe, 5 to 8 р wide; branches 
anastomosing, opposite to alternate. Hyphopodia very nume- 
rous, opposite, unicellular, oblong to cylindrical, rounded at the 
apex, about 5 y long, 4.5 и wide. Perithecia round, black, 
opaque; periphery fringed, 90 to 120 џ in diameter; texture sub- 
parenchymatous, the wall splitting irregularly. 

Asci usually cylindrical, occasionally oblong, 80 to 40 y long, 
8 to 10 » in diameter. Spores cylindrical, constricted at the 
single septum, dark brown, subacute at both ends, 10 to 12 ц 
long, 3 to 3.5 р in diameter. 

Luzon, Ilocos Norte Province, Burgos, Bur. Sci. 27826 M. 
Ramos (type in Bur. of Sci. herb.), March 2, 1917, on Can- 
thium sp. 

3. PARASTERINA CIPADESSAE (Yates) comb. nov. Plate 3, figs. 1 to 5. 
Asterina cipadessae YATES in Philip. Journ. Sci. Bot. 12 (1917) 371. 

Epiphyllous, forming black spots, at first 2 to 4 millimeters 
but soon running together and more or less covering the sur- 
face of the leaf. Mycelium composed of branched, anastomos- 
ing hyphe, 5 to 7 y wide. Hyphopodia numerous, 1-celled, for 
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the most part opposite, sometimes alternate, or irregular, 2. to 
4-lobed, 7 to 10 y long. Perithecia numerous, 150 to 200 y in 
diameter, dark brown, subopaque, usually globose, sometimes 
elliptical, walls splitting irregularly, composed of radiating, 
septate hyphe, 3 to 4 y. wide, slightly fringed. 

Asci ovoid, 35 to 45 p long, 22 to 27 р in diameter. Spores 
oblong, rounded at both ends, 1-septate, constricted at the middle, 
dark brown, rough, gelatinous, 28 to 32 р long, 10 to 12 p in 
diameter. 

Luzon, Kalinga Subprovince, Вит. Sci. 25307 H. 5. Yates 
(type in Bur. Sci. herb.), March 30, 1916, on leaves of Cipadessa 
baccifera. | 

Yates mentions in his description that the spores of this fun- 
gus are papillate. In the many examinations made on the type 
specimen no such papillate spores were seen; those found have 
a rough, gelatinous coating. 

4. PARASTERINA DILLENIAE (Sydow) comb. nov. Plate 4, figs. 1 to 6. 
Asterina dilleniae SYDOW in Philip. Journ. Sci. Bot, 9 (1914) 181, 

Spots circular, 2 to 5 millimeters wide, dark gray, forming 
on the upper surface of the leaf. Mycelium radiating, com- 
posed of dark, chestnut brown, regularly spaced hyphz, 7 to 9 u 
long; branches with long beaks. Hyphopodia rare, alternate 
to one sided, 1-celled, globose, truncate to short cylindrical, 
chestnut brown, rounded at the end or somewhat lobed or 
angular, 10 to 15 y long, 9 to 11 y wide. Perithecia rare, flat, 
inverted, round, 140 to 200 у in diameter; walls splitting, slight- 
ly black, opaque, composed of hyphze, 4 to 5 в wide, 

Asci globose to ovoid, 40 to 50 y. long, 35 to 45 » in diameter. 
Spores conglobate, oblong, broadly rounded at both ends, 1-sep- 
tate, constricted at the middle, dark brown, warted, 20 to 25 y 
long, 10 to 12 y in diameter. 

PALAWAN, Taytay, Bur. Sci. 8774 E. D. Merrill (cotype in 
Bur. of Sci. herb.), April 10, 1913. 

5. PARASTERINA EUGENIAE (Yates) comb. пот. Plate 5, figs, 1 to 5. 
Asterina eugeniae YATES in Philip. Journ. Sci. Bot, 12 (1912) 371. 

Forming round to irregular, often marginate, spots up to 10 
millimeters wide on the lower surface of the leaf, although 
sometimes on the upper surface. Mycelium effused, composed 
of а few, loose, dark brown, septate hyphe, 4 to 5 p wide; 
branches anastomosing. Hyphopodia few, alternate to irregular, 
cylindrical, rounded at the apex, 10 to 12 p long, 5 to 7 у. wide. 
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Perithecia numerous, black, opaque, 225 to 274 р. diameter, per- 
forated at the center; walls composed of radiating hyphe, 3 
to Бр wide. 

Asci oblong to ovoid, 50 to 60 y long, 20 » in diameter. Spores 
oblong, rounded at the apices, 1-septate, constricted at the mid- 
dle, brown, 20 y. long, 5 р in diameter, upper cell the larger. 

LUZON, Rizal Province, Antipolo, Bur. Sci. 22700 M. Ramos, 
June 14, 1915, on leaves of Eugenia sp., Вит. Sci. 25070 H. S. 
Yates and M. Ramos, September 23, 1915: Batangas Province, 
Pitong Sanay, Bur. Sci. 22678 M. Ramos and D. Deroy (type in 
Bur. of Sci. herb.), on leaves of Eugenia sp. 


6. PARASTERINA FAGARAE (Yates) comb. nov. Plate 6, figs. 1 to 5. 
Asterina fagarae УАТЕЗ in Philip. Journ, Sci. Bot. 13 (1918) 373. 


Fungous colony epiphyllous, forming round to irregular, 
black spots, 4 to 7 millimeters wide, sometimes running together 
and covering the whole surface of the leaf. Mycelium radiat- 
ing, composed of a few, loose hyphe, amber to dark brown, 
septate, 4 р, wide; branches effused, anastomosing. Hyphopodia 
few, generally alternate, although sometimes irregular, long, 
cylindrical, 13 to 16 р long, 4 to 6 р wide. Perithecia 125 to 
150 р in diameter. 

Asci ovoid, 50 to 56 y. long, 36 to 39 у in diameter. Spores 
heaped together, oblong, rounded at both ends, 1-septate, con- 
stricted at the middle, hyaline when young, brown when mature, 
smooth, 21 to 25 р long, 11 to 12 р. in diameter. 

Luzon, Rizal Province, Bur. Sci. 26762 M. Ramos (type in 
Bur. of Sci. herb.), October-November, 1916, on leaves of Fagara 
avicennae (== Zanthoxylum avicennae). 


7. PARASTERINA HOMALOMENAE sp. nov. Plate 7, figs. 1 to 5. 

Colonia fungosa, epiphylla, maculas parvas, rotundas, usque 
ad 8 mm. diam. plus minusve aequabiliter per folii superficiem 
sparsas efformans; mycelio sat abundanti ex hyphis sinuosis, 
sucineis vel fuscis, 4 ad 6 y. latis composito; hyphopodiis nume- 
rosis, lobatis, generatim oppositis, nonnumquam alternatis, 6 
ad 12 y longis, 6 ad 9 у latis; peritheciis haud affluentibus, gene- 
ratim cylindraceis sed saepenumero globosis, 180 ad 223 1 
longis, 120 ad 403 y latis; quoad corticem dehiscentibus, ex 
hyphis sinuosis compositis, 8 ad 4 p latis; ambitu fimbriatis; 
ascis generatim globosis sed nonnumquam ovoideis, 29 ad 31 р 
longis, 22 ad 26 y in diametro; sporidiis oblongo-ellipsoideis, 
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l-septatis, medio constrictis laevibus, fuscis 14 ad 20 и longis, 
8 ad 11 p in diametro; loculo superiore multo majore. 

Fungous colony epiphyllous, forming small round Spots up 
to 8 millimeters in diameter, more or less uniformly scattered 
on the surface of the leaf. Mycelium rather abundant, composed 
of sinuous hyphze, amber to dark brown, 4 to 6 р wide. Hypho- 
podia numerous, lobed, generally opposite, occasionally alter- 
nate, 6 to 12 р long, 5 to 9 y wide. Perithecia not abundant, 
commonly cylindrical but often globose, 180 to 223 y long, 120 
to 403 y in diameter, walls splitting, composed of sinuous hyphz, 
3 to 4 p wide; periphery fringed. 

Asci usually globose, sometimes ovoid, 29 to 31 y long, 22 to 
26 y in diameter. Spores oblong-ellipsoid, 2-celled, constricted 
at the middle, smooth, brown, 14 to 20 p long, 8 to 11 ит 
diameter, superior cell very much larger. 

PANAY, Capiz Province, Jamindan, Bur. Sci, 32104 M. Ramos 
(type in Bur. of Sci, herb.), April 30, 1918, on leaves of Homa- 
lomena, philippinensis. 

This fungus is allied to Parasterina spinosa in the characters 
of the hyphopodia.. The hyphopodia of the two fungi are 
l-celled, distinctly lobed (with lobes that are identical in 
shape), and have no definite arrangement. However, the main 
difference between the two fungi is that Parasterina spinosa has 
Spiny spores, while P. homalomenae has smooth spores. 


8. PARASTERINA JASMINICOLA (Yates) comb. nov. Plate 8, figs. 1 to 6. 
Asterina jasminicola YATES in Philip. Journ. Sci, Bot, 13 (1918) 
373. a 

Fungous colony on both surfaces of the leaf, forming irreg- 
ular spots 2 to 6 millimeters in diameter, often more or less 
distributed over the surface of the leaf, Mycelium composed 
of flexous, brown hyphe, 4 to 5 » wide. Hyphopodia lobed, 
numerous, 2-celled, irregularly distributed, never opposite; supe- 
rior cell 5 to Ти long, 4 to 5 и wide. Perithecia numerous, 
globose, black, opaque, dehiscent, 95 to 120 y in diameter. 

Asci globose, 22 to 26 р in diameter. Spores oblong-ellipsoid, 
l-septate, constricted at the single septum, brown, rounded at 
both ends, warted, 17 to 19 y. long, 8 to 10 y in diameter, 

Luzon, Jlocos Norte Province, Burgos, Bur, Sci. 27797 M. 
Ramos (type in Bur. of Sci. herb.), March 1, 1917, on leaves of 
Jasminum sp.: Bataan Province, Lamao, Bur. Sci. 23991 M. 
Ramos, December 27, 1915, on Jasminum sp. 

271104——10 
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9. PARASTERINA LITSEAE (Yates) comb. nov. Plate 9, figs. 1 to 6. 
Asterina litseae YATES in Philip. Journ. Sci. Bot. 13 (1918) 373. 


Amphigenous, although more abundant on the upper surface 
of the leaf, producing irregular patches, more or less covering 
the whole surface. Mycelium effused, loose, irregular, radiat- 
ing, consisting of dark brown hyphz, 3.5 to 4.5 р. wide; branches 
anastomosing. Hyphopodia few, round to lobed, 1-celled, 7 to 
8 y long, 3 to 5 р. wide, arranged irregularly. Ferithecia very 
numerous, oftentimes in clusters, cylindrical, occasionally round, 
100 to 140 р in diameter; walls splitting, composed of brown 
бурі, 2 to 3 u wide, which radiate from the ostiole; periphery 
fringed, with short radiating hyphe. 

Asci ovoid to globose, 28 to 30 y. long, 18 to 24 » in diameter. 
Spores ellipsoid, rounded at both ends, 1-septate, constricted at 
the middle, brown, smooth, 15 to 17 y long, 8 to 9 р in diameter. 

Luzon, Ilocos Norte Province, Burgos, Bur. Sci, 27842 M. 
Ramos (type in Bur. of Sci. herb.), March 12, 1917, on leaves of 
Litsea sp.; Bangui, Bur. Sci. 27775 M. Ramos, February 25, 
1917, on leaves of Litsea sp. 


10. PARASTERINA MOMORDICAE (Yates) comb. nov. 
Asterina momordicae YATES in Philip. Journ. Sci. Bot. 13 (1918) 
374. 

Epiphyllous, spots decidedly black, 2 to 4 millimeters broad. 
Mycelium composed of dark brown, distantly septate hyphae, 
5 to 6 y wide. Hyphopodia lobed, numerous, irregular, unicel- 
lular, 8 to 12 u long. Perithecia rounded, 80 to 90 у in diameter, 
dehiscent, composed of straight, brown, radiating hyphe, 2.5 
to 3 р wide. 

Asci subglobose, 35 to 40 y long, 22 to 24 y in diameter, 
Spores oblong, rounded at both ends, 1-septate, constricted at 
the middle, brown, smooth, 19 to 21 y. long, 9 to 11 р in diameter, 
superior cell the larger. 

LUZON, Tayabas Province, Mount Binuang, Bur. Sci. 28890 
M. Ramos and С. Edaño, May 13, 1917, on leaves of Momordica 
sp. 
The above description is the translation of the original Latin 
diagnosis. I have been unable to find the type specimen. - 

11. PARASTERINA NYCTICALIAE (Yates) comb. nov. Plate 10, figs. 1 to 5. 
mM nycticaliae YATES in Philip. Journ. Sci. Bot. 12 (1917) 


Spots mostly epiphyllous, rounded to irregular, black, 3 to 5 
millimeters in diameter. Mycelium composed of a few, dark 
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brown, septate hyphae, 5 to 6 y wide; branches anastomosing, 
generally opposite. Hyphopodia 1-сеПед, numerous, often аЦег- 
nate to irregular, flabellilobed, 10 to 11 р long, 12 to 15 y. wide. 
Perithecia numerous, globose, flattened, small, 90 to 110 р in 
diameter, dark brown, slightly opaque, splitting, composed of 
radiating hyphe, 4 to 5 р wide. 

Asci ovoid to subglobose, 8-spored, 26 to 28 y long, 18 to 20 y. 
in diameter. Spores oblong, rounded at both ends, 1-septate, 
constricted at the middle, brown, smooth, 15 to 18 y long, 7 to 
8 y in diameter. 

LUZON, Camarines Norte Province, Basud, Bur. Sci. 25669 Н. 
S. Yates (type in Bur. of Sci. herb.), December 11, 1916, on 
leaves of Nycticalos cuspidatum; Paracale, Bur. Sci. 34018 M. 
Ramos and G. Edaño, December 22, 1918, on leaves of Wrightia 
Sp. 

12. PARASTERINA PEMPHIDIOIDES (Cooke) Theissen. Plate 11, figs. 1 to 4. 
Parasterina pemphidioides (Cooke) THEISSEN in Ann. Mycol. 17 
(1918) 246, 

Forming amphigenous, black, small, irregularly circular spots 
5 to 8 millimeters in diameter, soon coalescing, sometimes almost 
covering the surface of the leaf. Mycelium floccose, brown, 
laterally branching, anastomosing, composed of regularly sep- 
tate hyphæ, 4 to 6 y wide. Hyphopodia fairly numerous, 
2-celled, alternate to irregularly 1-sided, truncate to nearly 
rounded at the end, 9 to 17 y long, 6 to 9 y wide. Perithecia 
numerous, shiny, hemispherical, rounded to long cylindrical, 100 
to 300 y diameter, splitting, composed of amber-colored hyphe, 
3 to 4 u wide. 

Asci obovoid to almost rounded, 35 to 41 у long, 25 to 30 ц in 
diameter. Spores ellipsoid, constricted at the single septum, 
brown, banded, superior cell the larger, 25 to 30 u long, 9 to 
12 u in diameter. 

LUZON, Ilocos Norte Province, Burgos, Pur. Sci. 27833 M. Ra- 
mos, March 15, 1917, on Eugenia jambolana: Benguet Subprov- 
ince, Bur. Sci. 32091 J. К. Santos, June 9, 1918, on Eugenia sp.: 
Isabela Province, Palanan Bay, Sydow Fungi exotici exsicati 
270 L. Escritor, June, 1913, on Eugenia subrotundifolia: Taya- 
bas Province, Guinayangan, Bur. Sei. 20924 E. D. Merrill, May, 
1913, on Eugenia sp.: Bataan Province, Mount Mariveles, Bur. 
Sci. 19075 P. W. Graff, November, 1912, on Eugenia sp.: Rizal 
Province, Bur. Sci, 23951 M. Ramos, December 14, 1915, on 
Eugenia calubcob; Morong, Bur. Sci. 23892 M. Ramos, Мо- 
vember 23, 1915, on Eugenia jambolana: Camarines Norte 
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Province, Paracale, Bur. Sci. 33972 М. Ramos and G. Edaño 
December 11, 1918, on Shorea sp. PALAWAN, Mount Capoas, 
Bur. Sei. 9082 E. D. Merrill, April 21, 1913; Taytay, Bur. Sci. 
8738, 8788 E. D. Merrill, April 10, 1913, on Eugenia sp. BU- 
SUANGA, Concepcion, Bur. Sci. 41443 M. Ramos, September 8, 
1922, on Eugenia. SULU ARCHIPELAGO, Bengas Island, Bur. Sci. 
36158 H. S. Yates, October 27, 1919. 

The above description is taken from a topotype (Bur. Sci. 
21902 M. Ramos), collected near Antipolo, Rizal Province, 
August, 1915, on Eugenia jambolana, which according to Theis- 
sen* agrees closely with the type specimen in having large, 
banded spores. 

This species is allied to Parasterina incisa, of India, but dif- 
fers in its smaller spores, and to Parasterina japonica Theiss.,* 
of Japan, but differs in having larger asci, and shorter spores, 
which are not banded. 


13. PARASTERINA RAMOSII Sydow. Plate 12, figs. 1 to 5. 
Parasterina татозії Sybow in Ann. Mycol. 14 (1917) 246. 


Epiphyllous, spots at first small, soon coalescing into irregular 
patches. Mycelium composed of rectangular, chestnut brown 
hyphe, 14 to 30 р long, 5 to 7 y wide, branching at right angles. 
Hyphopodia rather numerous, usually, but not constantly oppo- 
site, 2-celled, 12 to 18 р long, 6 to 8 в wide, cylindrical, straight, 
not lobed, base cell small. Perithecia at first 200 to 300 y in 
diameter, becoming oblong-elliptic and up to 600 y long, 200 to 
300 y. wide, margin fringed, radiating, opaque, stellate, dehiscent. 

Asci ellipsoid to ovoid, 50 to 80 u long, 35 to 45 у in diameter. 
Spores dark brown when mature, opaque, 26 to 30 y long, 12 
to 14 y in diameter. 

LuzoN, Rizal Province, Antipolo, Bur. Sci. 23906 M. Ramos 
(cotype in Bur. of Sci. herb.), 23923, November 24, 1915, on 
Eugenia jambolana. 

Parasterina ramosii resembles somewhat P. pemphidioides, 
but differs in its opposite hyphopodia and bandless spores. It 
is allied to Parasterina japonica Theiss., of Japan, but differs 
in having smaller asci. 


"Апп. Mycol. 15 (1917) 246. 

"Ann. Mycol. 9 (1911) 390. 

*Gatt. Asterina, In Abh. der К. К. Zoólogisch-Botanischen Gesellshaft 
(1918) 43, tab. VI, figs. 22-23 et VIII figs. 8, 13, 14. 

° Gatt. Asterina (1913) 43, tab, VI figs. 22-23 and VIII figs. 8, 13, 14. 
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14. PARASTERINA SAMARENSIS nom. nov. Plate 13, figs. 1 to 5. 
Asterina ramosii YATES in Philip. Journ. Sci. Bot. 13 (1918) 373. 


Hypophyllous; spots circular, dark gray, 4 to 10 millimeters in 
diameter, Mycelium composed of effused, loose, brown, branch- 
ing, septate hyphae, 4 to Бр wide. Hyphopodia few, alternate 
to irregular, lobed, 6 to 8 р long, 5 и wide. Perithecia numer- 
ous, round, subopaque, 80 to 120 » in diameter, stellate, dehis- 
cent, composed of radiating hyphae, 4 to 5 в wide. 

Asci ovoid to globose, 18 to 20 р. long, 15 to 17 р in diameter. 
Spores conglobate, oblong, sometimes broad, rounded at both 
ends, I-septate, constricted at the middle, 14 to 16 y long, 6 to 
8 р. in diameter. 

LUZON, Camarines Norte Province, Paracale, Bur. Sci. 33955 
М. Ramos and С. Edaño, December 18, 1918, on Dillenia philip- 
pinensis. Samar, Catubig River, Bur. Sci. 24643 (type in Bur. 
of Sci, herb.), 24637 M. Ramos, February 20, 1916, on Dillenia 
philippinensis. 

The transfer of this fungus to the new genus Parasterina, 
makes its name Parasterina ramosii, but, unfortunately another 
species has been named Parasterina ramosii. It is, therefore, 
necessary to give the Yates fungus another name, and Paras- 
terina samarensis is proposed. 

Parasterina nycticaliae (Yates) agrees with P. samarensis 
in having identical perithecia, ovoid to globose asci, and oblong 
spores. It differs, however, in having somewhat smaller spores, 
15. PARASTERINA SPINOSA sp. nov. Plate 14, figs. 1 to 5. 

Colonia fungosa stricte epiphylla, maculas rotundas, atras, 
elevatas, 0.5 ad 5 mm latas, dense et sine ordine per folii super- 
ficiem sparsas efformans; mycelio exiguo, inter-texto, ex hyphis 
flavis vel sucineis, densis, septatis, 3 ad 5 y latis; ramis raris, 
leviter anastomosantibus; hyphopodiis sat abundantibus, sine 
ordine dispositis, distincte lobatis; peritheciis affluentibus, glo- 
bosis, 95 ad 172 у. diam. cortice fusco parte interiore caeruleo- 
virescente, contextu stellatim facile dehiscentibus, ex hyphis 
septatis composito, 2 ad 4 y. latis, ambitu nonfimbriatis; ascis 
sat numerosis, generatim globosis, nonnumquam subglobosis vel 
ovoideo-globosis, 35 ad 46 y. longis, 29 ad 31 и in diametro, Spo- 
ridiis tenuiter spinosis, l.septatis, medio constrictis, utrinque 
rotundatis, 22 ad 25 u longis, 9 ad 10 y latis, loculo Superiore 
majore. 

Fungous colony strictly cpipnyllous, forming round, black, 
elevated spots, ranging from 0.5 millimeter to about 5 milli- 
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meters wide, scattered thickly and irregularly over the surface 
of the leaf. Mycelium sparse, intertwining, composed of straw 
to beautiful amber-colored, compact, septate hyphse, 3 to Бр wide, 
branches rare, slightly anastomosing. Hyphopodia abundant, 
with no definite arrangement, distinctly lobed, stipitate, 9.5 to 
11 y long, 6.5 to 10 р wide. Perithecia rather abundant, globose, 
95 to 172 р in diameter, outside coating dark brown, inside layer 
bluish green; wall splitting, composed of septate hyphae, 2 to 4 y 
wide. Periphery not fringed. 

Asci quite numerous, usually globose, sometimes subglobose 
or ovoid-globose, 35 to 46 y. long, 29 to 31 p in diameter. Spores 
with slender spines, 2-celled, constricted at the single septum, 
rounded at both ends, 22 to 23 u long, 9 to 10 p in diameter, 
superior cell the larger. 

LUZON, Tayabas Province, Mount Bunuan, Bur. Sci. 28884 M. 
Ramos (type in Bur. of Sci. herb.), May 19, 1919, on Cissus. 

Parasterina spinosa resembles Parasterina tayabensis in hav- 
ing spores that are spiny; however, those of the former are 
slenderer. In the hyphopodia there is a close similarity with 
those of Parasterina homalomenae. The specific name, spinosa, 
has reference to the spiny character of the spores. 


16. PARASTERINA TAYABENSIS (Yates) comb, nov. Plate 15, figs. 1 to 6. 
Asterina tayabensis YATES in Philip. Journ. Sci. Bot. 12 (1917) 372. 


Spots epiphyllous, rounded, 3 to 4 millimeters wide, finally 
coalescing and covering large portions of the leaf surface. Му- 
celium abundant, composed of brown, anastomosing, septate 
hyphe, 10 to 12 y long, 5 to Тр wide; branches irregular. Hy- 
phopodia few, scattered, globose to short cylindrical, rounded 
at the end, one-celled, 10 to 12 p long, 5 to 7 р wide. Perithecia 
numerous, 130 to 200 y in diameter, slender, stellate, dehiscent, 
radiating, composed of hyphe, 2 to 6 y. wide. 

Asci subglobose, 30 р long, 25 u in diameter. Spores oblong, 
rounded at both ends, 1-septate, constricted at the middle, with 
coarse spines, 22 y long, 10 u in diameter. 

LUZON, Camarines Norte Province, Basud, Вит. Sci. 25635 
M. Ramos (type in Bur. of Sci. herb.), December 19, 1916, on 
unknown host. 

In Yates's description the specimen is labelled Basiad, Taya- 
bas, but the field label states that the specimen was collected in 
Basud, Camarines Norte. 
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Host index to the species. 


Host. 


Astronia sp. (Melastomatacez). 


Canthium sp. (Rubiaceze). 
Cissus (Vitacez). 


Cipadessa baccifera (Meliacez). 


Dillenia sp. (Dilleniacez). 
Dillenia sp. (Dilleniacez). 


Dillenia philippinensis (Dilleniacee). 
Eugenia calubcob (Myrtacew). 
Eugenia jambolana (Myrtacez). 
Eugenia subrotundifolia (Myrtaceae). 


Eugenia sp. (Myrtaceae). 
Eugenia sp. (Myrtacez). 
Eugenia sp. (Myrtacex). 


Fagara avicennae=Zanthoxylum avi- 


cennae (Rubiacez), 


Homalomena philippinensis (Aracez). 


Jasminum sp. (Oleacez). 


Litsea sp. (Lauracez). 


Momordica sp. (Cucurbitacez). 
Nyeticalos cuspidatum (Bignoniacez). 
Shorea sp. (Dipterocarpacez). 


Wrightia (Apocinacez). 
Unknown host. 


Fungus, 
Parasterina astroniae. 
Parasterina canthi. 
Parasterina spinosa. 
Parasterina cipadessae. 
Parasterina dilleniae, 
Parasterina sumarensis. 
Parasterina sumarensis. 
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Parasterina pemphidioides, 


Parasterina pemphidioides. 
Parasterina pemphidioides. 
Parasterina eugeniae. 
Parasterina pemphidioides. 
Parasterina ramosii. 
Parasterina fagavac. 


Parasterina homalomenae. 
Parasterina jasminicola. 
Parasterina litseae. 
Parasterina momordicae, 
Parasterina nycticaliae. 


Parasterina pemphidioides. 


Parasterina nycticaliae, 
Parasterina tayabensis. 
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ILLUSTRATIONS 


PLATE 1. PARASTERINA ASTRONIAE (YATES) сомв. NOV. 


1. Photomicrograph of a leaf surface showing fungous colony; х 20. 
2. Perithecium, with mycelium; x 254. 

3. An ascus, with paraphyses and ascospores; X 1431, 

4. Two ascospores; х 1431. 

5. Mycelium, with hyphopodia; x 1431. 


PLATE 2. PARASTERINA CANTHI (YATES) COMB. NOV. 


1. Photomicrograph of a leaf surface showing fungous colony; X 20. 
2. Perithecium, with mycelium and hyphopodia; x 254. 

3. Ascus, with ascospores and paraphyses; X 1431. 

4. Two ascospores; X 1431. Е 

5. Mycelium, with hyphopodia and a developing perithecium; x 1431. 


PLATE 3. PARASTERINA CIPADESSAE (YATES) COMB. Nov. 


1. Photomicrograph of fungous colony on the leaf surface; x 20. 
2. Perithecium, with mycelium; x 254. 

3. Ascus, with paraphyses and ascospores; x 1431. 

4. Two ascospores; x 1431, 

5. Mycelium, with hyphopodia; x 1431. 


PLATE 4. PARASTERINA DILLENIAE (SYDOW) COMB. Nov. 


1. Photomicrograph of fungous colony on the leaf surface; x 20, 

2. Perithecium; x 254. 

3. Portion of perithecium showing perithecial hyphz in detail; x 1431. 

4. Asci, showing two types, а and b, with paraphyses and ascospores; 
х 1481. 

5. Two warted ascospores; х 1431, 

6. Mycelium, with one-celled hyphopodia; х 1431, 


PLATE 5. PARASTERINA EUGENIAE (YATES) COMB. NOV. 


1. Photomicrograph of a fungous colony on the leaf surface; x 20. 
2. Perithecium; Х 254. 

3. Asci, a and b, with paraphyses and ascospores; x 1431, 

4. Two ascospores. 

5. Mycelium, with one-celled hyphopodia. 


PLATE 6. PARASTERINA FAGARAE (YATES) COMB. NOV, 


1. Photomicrograph of a fungous colony, showing perithecia on the 
leaf surface; x 20. 
2. Perithecium, with mycelium; x 1431. 
3. Ascus, with ascospores and paraphyses; x 1431. 
4. Three ascospores; x 1481. 
5. Mycelium, with long, cylindrical, one-celled hyphopodia; x 1431. 
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PLATB 7. PARASTERINA HOMALOMENAE SP. NOV. 


Fic. 1. Photomicrograph of a fungous colony, showing perithecia on the 
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leaf surface; X 20. 


. Portion of perithecium, showing wall structure; x 1431. 


Asci, а and b, with paraphyses and ascospores; X 1431. 


. Three ascospores; X 1431. 
. Mycelium, with hyphopodia; X 1431. 


PLATE 8. PARASTERINA JASMINICOLA (YATES) COMB. NOY. 


Photomicrograph of a fungous colony, showing perithecia; x 20. 
Perithecium; X 254. 


. Portion of a perithecium, showing wall structure; X 1431. 


Ascus, with paraphyses and ascospores; X 1431. 


. Three warted ascospores; X 1431. 


Mycelium, showing hyphopodia; x 1431. 


PLATE 9. PARASTERINA LITSEAE (YATES) COMB. NOV. 


. Photomicrograph of a fungous colony, showing perithecia; x 20. 


Perithecia, showing two types, а and b; Х 254. 


. Portion of perithecium, showing wall structure; x 1431. 


Asci, a and b, with paraphyses and ascospores; x 1431. 


. Three ascospores; X 1431. 
. Mycelium, with one-celled hyphopodia; x 1431. 


PLATE 10. PARASTERINA NYCTICALIAE (YATES) COMB. NOV. 


- Photomicrograph of a fungous colony, showing perithecia; х 20, 
. Perithecia, with portion of mycelium. 
. Portion of mycelium, showing wall structure. 


Two types of asci, a and 6, with paraphyses and ascospores. 


. Mycelium, with two fork-lobed hyphopodia. 


PLATE 11. PARASTERINA PEMPHIDIOIDES (COOKE) THEISSEN 


Photomicrograph of a fungous colony on the leaf surface, showing 
perithecia; х 20. 


. Perithecia, showing two types, a and b; x 254. 
- Two types of asci, а and b, with paraphyses and ascospores; 


X 1431. 


- Two ascospores, showing banded character; x 1431. 


PLATE 12. PARASTERINA RAMOSII SYDOW 


Photomicrograph of a fungous colony, showing perithecia on the 
leaf surface; x 20. 


. Perithecia, showing two types, a and b; x 254. 

. Ascus, with paraphyses and ascospores; x 1431. 

- Two ascospores; x 1431. 

. Mycelium, with opposite, two-celled hyphopodia; x 1431. 
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PLATE 13. PARASTERINA SAMARENSIS NOM, NOV. 


1. Photomicrograph of a fungous colony, showing perithecia; х 20. 

2. Perithecium; x 254. 

3. Two types of asci a and b, with paraphyses and ascospores; 
X 1431. 

4. Three ascospores; x 1431. 

5. Mycelium, with many lobate hyphopodia; x 1431. 


PLATE 14. PARASTERINA SPINOSA SP. NOY, 


1. Photomicrograph of a fungous colony, showing perithecia; x 20. 
2, Portion of perithecium with mycelium; х 254. 

3. Asci, a and b, with paraphyses and ascospores; x 1431. 

4. Two spiny ascospores; x 1431. 

5. Mycelium, with lobate hyphopodia; x 1431. 


PLATE 15. PARASTERINA TAYABENSIS (YATES) COMB. NOV. 


1. Photomicrograph of a fungous colony on the leaf surface, show- 
ing the perithecia; x 20. 

2. Perithecium, showing peculiarity of splitting; x 254. 

3. Portion of perithecium, showing arrangement of hyphz; x 1431. 

4. Ascus, with paraphyses and ascospores; x 1431. 

5. Three spiny ascospores; X 1431. 

6. Mycelium, with one-celled hyphopodia; x 1431. 
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NITROGEN DISTRIBUTION IN THE LEAVES OF 
PHILIPPINE CAMPHOR TREES 


By JOAQUIN MARAÑON 
Of the Division of Botany, Bureau of Science, Manila 


The partition of the nitrogenous constituents of plant and 
animal tissues is one of the means employed for the investigation 
of various kinds of biochemical problems. Primarily, it gives 
an insight into the composition of the protein which is the major 
constituent of protoplasm. It serves as an index to ascertain 
the influence of factors on the nitrogen metabolism of an organ- 
ism. It із also useful in interpreting the results of the chemical 
analysis of foodstuffs. 

Two years ago, West and Taguibao* carried out an investi- 
gation on the camphor content of camphor trees growing at 
Baguio in the Mountain Province of the Philippines. They 
found that camphor oceurs almost entirely in the leaves of 
Philippine trees and, by distilling the leaves, crystal camphor 
containing a small amount of oil is usually obtained. They 
found, however, that when the leaves of a certain few trees 
were distilled there was obtained only a yellow volatile oil in- 
stead of the usual camphor crystals. "This volatile oil has a 
negative rotation and is evidently quite different from the ordi- 
nary camphor oil which is dextrorotatory. Since the trees, 
from which this unusual levo oil was obtained, were growing 
promiscuously among the ordinary camphor trees, it would 
seem unlikely that the production of this levo oil was due to 
the ordinary environmental factors. 

From a physiological point of view it seemed interesting to 
compare the nitrogen distribution in leaves from trees giving a 
leevo oil with that in leaves yielding the usual crystal camphor, 
and to ascertain if these two kinds of camphor trees (levo oil 
and crystals) give different nitrogen partition products. 


EXPERIMENTAL PROCEDURE 


Collection of material—The camphor trees selected for this 
investigation were a portion of those labelled by West and Ta- 
guibao for their work on Philippine camphor. 


‘Philip. Journ. Sci. 41 (1930) 103, 
461 
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The leaves were collected from freshly cut branches. Care 
was taken that the collection of samples from the leaves of trees 
giving levo oil and from those giving crystal camphor was 
done on the same day. The trees selected were growing side 
by side in the same locality. The samples were sorted into 
young, full-grown, and old leaves showing signs of chlorophyll 
degradation. These leaves were air-dried and reduced to a fine 
powder. Moisture determinations for each sample were made 
by heating the leaves to constant weight at a temperature of 
105? C. in order to express the percentage of the nitrogenous 
constituents on a moisture- and camphor-free basis. 

Methods of analysis.—The total nitrogen was determined 
directly from the air-dried samples of the leaves according to 
the official Gunning Method, modified to include the nitrogen of 
nitrates.2 The insoluble nitrogen was obtained by subtracting 
the water-soluble nitrogen from the total nitrogen of the 
leaves. The various forms of nitrogen—such as the water 
soluble, nitrate, free amino acid, and ammonia—were obtained 
from the aqueous extract of the leaves in the following way: 

A 10-gram sample of the powdered leaves was placed in a 
bottle containing 500 cubic centimeters of distilled water and 
shaken in a shaking machine for two hours. After the bottle 
had been set aside to allow the powder to subside, the clear 
supernatant liquid was carefully decanted from the sediment. 
The treatment was repeated twice, with the same amount of dis- 
tilled water. The combined aqueous liquids were filtered, and 
the wet powder from the bottle was poured into the filter. The 
filtered aqueous extract was made to a volume of 2 liters. 

Water-soluble nitrogen.—Two 100-cubic-centimeter portions 
of the aqueous extract were transferred to Kjeldahl digestion 
flasks and concentrated to about 30 cubic centimeters. The 
nitrogen in the concentrated solution was determined in accord- 
ance with the method suggested by Pucher, Leavenwoth, and 
Vickery for the total nitrogen of plant extracts in the presence 
of nitrates. 

Nitrate nitrogen. This was determined in an aliquot portion 
(150 cubic centimeters) of the aqueous extract, using Devarda's 
alloy method modified by Whiting, Richmond, and Schoonover.* 

* Official and tentativ i 
ius: (Revie ty Juy Cu analysis of the Assoc. Offic. Agr. Chem- 


“Industrial and Engineering Chemistry, Analyti I iti M 
Gish er у, ytical Edition 2 №. Z 


“Industrial and Engineering Chemistry 12 No. 10 (1920) 982. 
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Free amino acid nitrogen.—Two aliquot portions of 50 cubic 
centimeters of the aqueous extract were evaporated on a water 
bath to about 10 cubic centimeters and used for the determina- 
tion according to Van Slyke's method.’ 

Ammonia nitrogen.—This determination was made on an 
aliquot portion (150 cubic centimeters) of the aqueous extract 
according to a method which was essentially the same as that 
described by Longi* In this method, the solution is rendered 
alkaline with magnesium oxide, a few drops of caprylic alcohol 
are added to prevent excessive foaming, and the mixture dis- 
tilled in vacuo at a temperature of 38 to 40? C. 

The acid amide, humin, basic, and nonbasic nitrogen of the 
aqueous extract were determined according to the method of 
Hausmann as modified by Jodidi.' 

The nitrogen partition in the leaves after acid hydrolysis was 
carried out according to Jodidi and Moulton's procedure.* 

The nitrogen distribution in the water-insoluble portion of 
the leaves was ascertained by subtracting the different forms 
of nitrogen obtained in the aqueous extract of the leaves from 
the corresponding forms of nitrogen determined in the leaves 
after acid hydrolysis. 


DISCUSSION OF RESULTS 


The total nitrogen in the leaves of the camphor trees as shown 
in Table 1 varies according to the age of the leaf. This varia- 
tion is also observed in the distribution of the different forms 
of nitrogen as can be seen in Tables 2 to 5. There is, however, 
no consistent variation in any certain direction. 

The old leaves have a higher free amino nitrogen (Tables 2 
and 3) but are lower in humin nitrogen (Tables 4 and 5) than 
either the young or full-grown leaves. The young leaves, on the 
other hand, have lower ammonia nitrogen than either the full- 
grown or old leaves (Tables 2 and 3). With respect to other 
forms of nitrogen, no significant differences can be noted. The 
exceedingly high percentage of nitrogen from free amino acids 
in the old leaves may be explained as due to the rapid hydrolysis 
of the protein so that the amino acids can be translocated to 
the stem and other growing parts of the plant. According to 


*Journ. Biol Chem. 12 (1912) 277. 
*Landw. Vers. Stat. 32 (1886) 15. 
'Journ. Am. Chem. Soc. 42 (1920) 1883. 
*Journ. Am, Chem. Soc. 41 (1919) 1526. 
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Combes,? before the leaves turn yellow most of the nitrogenous 
constituents are withdrawn. 

A consideration of the entire experimental data shows that, 
in general, no consistent differences were found in the different 
forms of nitrogen which occur in the leaves of trees containing 
a mixture of camphor crystals and in the leaves of those which 
yield only a lzevo oil. 


TABLE 1.—Total nitrogen in the leaves of Philippine camphor trees. 


unt product ! 


Tree No. Location. : Kind of leaves, ! from t BEN. 
| tal or куо oil). | 
а додана ESE A 
Per cent. | 
Young....... ааа 3.31 1 
Full-grown....|.....do....... 1.66 | 
Old... 1.69 | 
| Young. 2.44 | 
Full-grown.. 2.56 | 
2.65 | 
1.50 | 
1.96 | 

2.18 
2.52 | 

1.45 
2.01 | 

1.87 

1.33 

1.37 

1.48 


* Calculated on moisture- and camphor-free basis, 


SUMMARY 


. 1. The total nitrogen and the distribution of its different forms 
in camphor leaves growing at Baguio, Mountain Province of the 
Philippines, vary according to the age of the leaf. 

2. The old leaves showing signs of chlorophyll degradation 
have higher free amino acid nitrogen but lower humin nitrogen 
than either the young or full-grown leaves. On the other hand 
vd young leaves have lower ammonia nitrogen than either the 

ull-grown or old leaves. Other forms of nit r 
significant differences. PE 

3. No consistent differences appear to exist i 

Е 1 exist in the forms of 
nitrogen obtained from leaves of trees containing a mixture of 


camphor crystals and oil Ee 
oniy less oft. oil and from the leaves of those yielding 


*Rev. gen. bot. 38 (1926) 430, 510, 565, 632, and 673. 
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TABLE 2.—Nitrogen partition in the leaves of Philippine camphor trees. 
(Percentage based on moisture- and camphor-free Базтв.) 


Tree No. 


Kind of leaves. 


Plant product 
from lea yea 
(camphor crystal 
or lævo oil). 


Total 
nitrogen. 


Per cent, 
3.31 
1.66 
1.69 
2.44 
2.56 
2.05 


Water- 
soluble. 


Per cent, 
0.45 
0.41 
0.30 
0.29 
0.36 
0.62 


Kind of nitrogen. 


‘Water-soluble. 
Insoluble. | Nitrate. anne’ Ammonia. Ия | у | 
amide. Humin. Basic, | Nonbasic. 
Per cent. | Per cent, | Per cent. | Per cent. | Per cent. | Per cent. | Por cent, | Per сет. 
2.80 0.12 0,07 0.02 0.07 0.05 0.07 0.26 
1.15 0.18 0.03 0.11 0.04 0.07 0.05 0.26 
1.39 0.10 0.10 0.07 0.03 9.02 0.03 0.22 
2.15 0.15 0.06 0.04 0.05 0.03 0,03 0.18 
2.20 0.11 0.02 0.08 0.03 0.07 0.06 0.20 
1.43 0.16 0.15 0.15 0.07 0.05 0.08 9.42 
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TABLE 3.—Nitrogen partition in the leaves of Philippine camphor trees. 
(Data expressed аз percentage of the total nitrogen of the leaves.) 


Kind of nitrogen. 


Tree No. Kind of leaves. Nei (camphor а ‘Water-soluble: 
or laevo ой). Waters Insoluble. | Nitrate. Ie Ammonia. | - zai 

amide. Humin. Basic, | Nonbasic, 

Per cent. | Per cent, | Per ceni. | Per cent. | Percent. | Per cent, | Per cent. | Per cent, | Per cent. 
8 | Young................ Oa na pasient 13.59 86.41 3.62 2.11 0.60 2.11 1.51 2.11 7.85 
8-Е 24.69 75,31 10.84 1.81 6.62 2.41 4.22 3.01 15.06 
8-Е 17.75 82.25 5.96 5.91 4.14 1.78 1.18 1.78 13,01 
8-Е 11.88 88.12 | 6.14 2.45 1.63 2.04 1.22 1.22 7.14 
8-Е 14.06 85.94 1 4.29 0.78 3.11 1.17 2.73 2.34 7.82 
8-Е 30.24 69.76 7.81 7.81 7.31 3.41 2.43 3.90 20.48 
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Tree Ко. 


Kind of leaves. 


Kind of nitrogen. 


Plant product from leaves Acid amíde in— Ниша in— Basic in— Nonbasic in— 
(camphor crystal or evo oil). 

Leaves | ¿Total | Leaves. nitrogen.» | Leaves. ® nitrogen,» | Leaves. a a. ь 

Per cent. | Per cent. | Per cent. | Per сет. | Per cent. | Per сет. | Per cent. | Per cent. 
0.38 11.42 0.22 6.74 0.29 8.67 2.42 78.17 
0.28 16.80 0.28 16.68 0.24 14.52 0.86 51.98 
0.22 12.72 0.09 5.38 0.16 9.47 1.22 72.42 
0.18 7.54 0.28 11.43 0.30 12.25 1,68 68.77 
0.18 7.15 0.31 12.07 0.25 9.84 1.82 10.94 | 
0.24 11.75 0.18 8.68 0.23 11.07 1.40 68.48 


= Percentage calculated 


on moisture- and camphor-free basis. 


> Percentage based on the total nitrogen in the leaves, 
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TABLE 5.—Nitrogen partition in the water-insoluble portion of the leaves of Philippine camphor trees. 


Kind of nitrogen. 


Plant product from leayes Acid amide in— Humin in— Basic in— Nonbasic in— 
Tree No. Kind of leaves. (camphor crystal or lavo all). 

Total Total Total Total 

Leaves.* | nitrogen. b| Leaves. | nitrogen, b| Leaves-* | nitrogen, t| Leaves.* | nitrogen. b 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
8-Е 0.31 9.81 0.17 5.23 0.22 6.56 2.16 65.32 
8-Е 0.24 14.39 0.21 12.46 0.19 11,51 0.61 36.92 
8-Е 0.19 10,94 0.07 4.20 0.13 7.69 1,00 59.41 
8-Е 0.13 5.50 0.25 10.21 0.27 11.03 1.46 61.63 
8-Е 0.15 5.96 0.24 9.34 0.19 7.50 1.62 63.12 
8-E 0.17 8.34 0.13 6.25 0.15 TAT 0.93 43.00 


а Percentage 


calculated on moisture- and camphor-free basis. 


b Percentage based on the total nitrogen in the leaves. 
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PSEUDOMYCETOMA IN THE PHILIPPINES, WITH 
REPORT OF ONE CASE 


By CARLOS MONSERRAT 


Of the Department of Pathology and Bacteriology, College of Medicine 
University of the Philippines, Manila 


FOUR PLATES 


Previous to the acceptance of Chalmers and Archibald's classi- 
fication, the term mycetoma was applied to all granulomatous 
conditions, often localized in the foot, caused by fungi, but with- 
out much consideration of the type of the causative microór- 
ganisms. 

Carter(1) in 1860 studied cases of mycetoma of the foot, a 
disease prevalent in the town of Madura and recognized first 
the fungous nature of the infection. . 

Chalmers and Archibald (2) considered later as mycetomas the 
actinomycoses and the maduromycoses. The maduromycoses, al- 
though clinically similar to the actinomycoses, differ in respect 
to the microscopic appearance of their causative fungi. 

The definition given of mycetoma is as follows: Mycetoma 
includes all growth and granulations in any of the tissues of men 
or animals which are caused by fungi belonging to different 
genera and species, which. produce bodies or granules called 
grains of various dimensions, shape and colors composed of 
hyphz and sometimes clamydospores which are found either 
embedded in the pathological tissues or escaping freely in the 
discharge therefrom. 

In 1918 Chalmers and Archibald(8) described a condition of 
the foot which resembles more or less Madura foot in external 
characters, differing only in the absence of typical grains in the 
pus or tissues. As this condition appears to be of importance 
from a diagnostic point of view the disease was designated 
under the new name of pseudomycetoma. 

The term pseudomycetoma was first used by Castellani(4) to 
indicate a peculiar condition of the foot in tertiary yaws. Ac- 
cording to Breil, however, pseudomycetoma must be considered 
as a clinical entity separated from yaws. Cases of pseudomy- 
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cetoma have been registered according to this author in New 
Guinea under different native names and the disease resembles 
typical Madura foot without the presence of the characteristic 
grains in the pus. | 

- As a contribution to the knowledge of this important group 
of mycosis and with the purpose of interesting tropical practi- 
tioners in the search for cases of this nature, І report a case reg- 
istered in a native of the Philippines. The lesion of the foot 
resembles a typical Madura foot, as clearly seen by the picture. 
Т consider this case а pseudomycetoma since the typical grains 
could not be demonstrated either in the pus in the several ехаш!- 
nations or in the histological preparation of tissues removed in 
the biopsy. The bacteriological smears and cultures from the | 
pus of the sinuses revealed, in the absence of other bacteria, the 
presence of a fungus belonging to the group of Nocardia or 
Streptothriz. The strain isolated was pathogenic to guinea pigs 
and monkeys, and when injected into a monkey's foot produced 
a swelling that was quickly followed by the formation of a sup- 
purative lesion. 

It is worth while to mention here that in reviewing the medical 
literature in the Philippines, our case seems to be the first one 
reported of this special type of mycetoma, since the only case 
studied in 1907 by Musgrave and Clegg was considered a true 
mycetoma with typical grains of the ochroid variety. At the 
same time it is interesting to say that the fungus isolated in 
our case resembles in many respects the organism described by 
Musgrave and Clegg under the name Streptothrix freeri, Very 
probably this particular strain is predominating in this country. 


HISTORY 


E. O., 28 years old, male, Filipino, married, born in San Nar- 
ciso, Pangasinan Province, Philippine Islands, complained of 
painless enlargements of the left ankle with multiple nodules on 
the same. Family history negative. Previous history unim- 
portant, except for this affection of the foot. 

The present illness is of nine years duration, following a mis- 
Step after which the patient noticed a small elongated hard mass 
(1 by 3 centimeters) below the external malleolus of the left 
ankle. The mass was nontender, and movable with the skin 
adherent to it. This did not increase in Size until four years 
ago, when the external surface of the left foot was caught by one 
of the teeth of a harrow, wounding the part. Following this, 
the mass at the external malleolus of the left ankle enlarged 
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rather rapidly, covering the entire malleolus. The wound sup- 
purated and healed in a week's time, only to be followed by a 
small elongated mass underneath the skin beside the scar. The 
mass then softened and later burst, giving out pus and dead 
blood. Around the first mass several small elongated nodules 
developed, and thus the swelling and induration of the part 
spread peripherally outward. At times several hard nodules de- 
veloped and ruptured, and at other times only one developed. 
The time of rupturing varied from a day to a week. This pro- 
cess continued until nearly the whole left foot and part of the 
ankle were involved but respecting so far the plantar region. 
There was also, besides the induration and the nodules, a dark 
discoloration of the skin. 

Physical examination.—Nothing of importance except the lo- 
calized lesion. "The left ankle including most of the left foot is 
markedly enlarged, with multiple nodules on the surface, The 
swelling is slightly tender on very deep pressure. There are 
several nodular swellings all over the ankle and medial surface 
of the foot except on the plantar region, some hard and some 
fluctuating of about the size of mongo beans, exuding a thin 
seropurulent discharge. Some of these nodules are healed and 
scarred, others are covered by hyperkeratotic skin. No granules 
can be seen in the pus from these nodules. There is hyperpig- 
mentation of the skin. The leg is enlarged up to the lower half 
but atrophied at the upper half. 

Laboratory.—Blood examination gave the following: 


Red blood cells 3,800,000 
Hemoglobin (Talquist method), per cent 75 
Leucocyte count 8,800 
Differential: 
Neutrophils 75 
Small lymphocytes 17 
Large lymphocytes 4 
Large mononuclears 7 
Eosinophils 0 
100 


Blood pressure, systolic, 148; diastolic, 52. Urine and faces, 
nothing important. X-ray examination, slight changes of osteo- 
periostitis in lower end of left fibula. Wassermann blood test, 
negative. Temperature, afebrile throughout stay in ward. 

Local antiseptic treatments were applied to the lesion, and 
potassium iodide was given per orem without improvement. 
Amputation of the foot was proposed, but the patient refused the 
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operation. After almost two weeks stay in the hospital a bacte- 
riological culture from the lesion was made, the specimen being 
taken from a closed nodule. The material was planted on blood 
hormone agar slant tubes and incubated at room and incubator 
temperatures. On the fourth day after inoculation a pure 
growth of a streptothrix organism was obtained from the tubes 
and no other bacterial colony was present. The morphological, 
tinctorial, and biological characteristics of this organism are as 
follows: 

Morphology.—Smears from young cultures show numerous 
filamentous branching forms. The filaments have a definite wall 
and some of the hyphae show slight swollen ends. The organism 
stains well with ordinary aniline dyes and in these preparations 
the filaments show in the interior few coccoid and bacillary 
forms of various length. Branching occurs as lateral hyphe 
from the segmented portions. With the Ziehl-Neelson acid-fast 
stain method, the bacillary forms in young cultures assume the 
bright red color of tubercle bacilli but the filaments are as a 
rule non-acid fast; a few of them, however, are slightly stained 
pinkish. In old cultures, at least 7 days old, more numerous 
and deeply stained acid-fast filaments are found, also numerous 
coccoid and bacillary acid-fast forms. With the Gablet's acid- 
fast stain method more uniform and intensively acid-fast forms 
are obtained. 

Cultures.—The streptothrix was cultivated without difficulty 
from the nodules and sinuses of the affected foot on hormone 
blood agar slant tubes. "Visible growth appeared on the second 
day, and typical and good growth was obtained on the fourth day. 
The isolated colonies on this medium were dry, rounded, some- 
what smaller than the staphylococcus colony, with folded edges 
and slightly umbilicated centers, simulating small rosettes. The 
colony was pale yellowish, turning yellowish pink with age. 
Later, more colonies developed and a heaped up and wrinkled 
yellowish pink growth was obtained. No hemolysis was noticed, 
but the medium became darker with age. 

Transplants were made to peptone broth, litmus milk, potato, 
Loeffier’s blood serum, ordinary agar, glucose agar, glycerin 
agar, glycerin broth, Saboraud's medium, and various carbo- 
hydrates. 

A profuse growth appeared in a few days in certain of these 
media, in others the development was much slower. Glycerin 
agar, glucose agar, and hormone blood agar are considered the 
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best media. The growth was slightly more rapid at incubator 
temperature (37° С.) than at room temperature (28° C.). 

Peptone water.—Good growth was obtained after two or three 
days only on the surface of the medium, as small, delicate, pale 
yellowish, flat particles slightly umbilicated in the center which 
became confluent and adherent to the sides of the tubes. The 
medium did not become cloudy. The so-called puffball growth 
was not observed. 

Litmus milk.—Moderate growth was obtained after two or 
three days on the surface of the medium, of the same character 
as in peptone broth. No change of color occurred in the me- 
dium, but in time the upper part of the eulture, below the surface 
growth, became darker blue. Milk was not coagulated. 

Potato.—Very scanty growth was obtained in the medium even 
after four days incubation, in the form of minute yellowish 
white colonies, 

Loeffler's blood serum.—Growth appeared after three days in 
the form of minute, dry, confluent, yellowish colonies, which later 
became yellowish pink. There was no evidence of liquefaction. 

Agar —1 per cent.—Good growth was obtained after three 
days as a powdery, confluent, whitish yellow growth. 

Agar +1 per cent.—Scanty growth was obtained after three 
days as small, dry, yellowish colonies with Slightly umbilicated 
center. 

Glucose agar.—In slant tubes good growth was obtained after 
two or three days as confluent, minute, dry, yellowish colonies. 
In a week a heavy heaped up growth was observed with pro- 
nounced pinkish coloration. In stab tubes a wrinkled heaped 
up yellowish pink growth was obtained on the surface, and no 
growth on the depth of the agar. 

Glycerin agar.—A confluent, heavy, heaped up growth was 
obtained in two or three days. Colonies were small, dry, round- 
ed, umbilicated, and whitish in color. Later colonies turned 
yellowish and further yellowish pink. 

Carbohydrates.—Subplants on lactose, dextrose, maltose, sac- 
charose, and mannite broth with Andrade's indicator, showed 
surface growth the same as in peptone. Neither acid nor gas 
fermentation was noticed on prolonged incubation. 

Saboraud's medium.—Good growth was obtained at room tem- 
perature in the form of a powdery whitish growth which did not 
become pinkish. 
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Pathogenicity.—A monkey was injected with 2 cubic centi- 
meters of a suspension of our organism in sterile saline; the in- 
jection was made in the tissues of the right foot, the foot became 
inflamed and an ulcer developed after three days which dis- 
charged a thick purulent material The streptothrix was re- 
covered in the cultures from the lesion. A guinea pig was 
injected intraperitoneally with thick streptothrix suspension 
in sterile saline. The animal was killed thirteen days after 
injection. Autopsy revealed very minute necrotic yellowish no- 
dules in the peritoneal surface, omentum, and liver. Cultures 
from different nodules yielded pure growth of streptothrix. 

Histological sections from liver, stained with hematoxylin 
eosin, showed small rounded necrotic areas containing poly- 
morphonuclear leucocytes with the fungus at the center. The 
organisms in section stained well and resembled in appearance 
the granule of actinomyces. At the periphery the radiating 
mycelial threads could be seen, but the ray formation and the 

. club appearance were much less noticeable. 


SUMMARY 


The disease known as mycetoma, or Madura foot, was diag- 
nosed formerly on clinical grounds, without much regard to the 
type of the infecting fungus. The finding of the typical grain 
in the pus or tissues is considered the most important in the 
diagnosis. Three varieties of grains were recognized; namely, 
the black, the red, and the ochroid or yellow, the last being the 
commonest found. 

Chalmers and Archibald(2) introduced more recently the clin- 
ical terms pseudomycetoma and paramycetoma to differentiate 
from true mycetoma conditions of the foot clinically similar to 
Madura foot, and also certain sarcomalike and epitheliomalike 
tumors, caused by fungi in which the characteristic grains can- 
not be easily demonstrated, probably due to their reduced num- 
bers or absence. 

From the bacteriological point of view, there is difference of 
opinion in regard to the etiology of Madura foot. Some authors 
believe that the disease is caused by actinomyces, others by dif- 
ferent types of streptothrix organisms. The first contention 
however, is not well supported in the few cases reported in the 
literature. 

Kanthack(5) in 1893 studied three cases of the black type and 
twelve of the yellow. He concluded that both were due to the 
same fungus and actinomyces. 
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Boyce and Surveyor(6) in 1894, while acknowledging the sim- 
ilarity of the organism found in these two varieties of mycetoma 
and in actinomycosis, believed that the two forms differ distinctly 
in etiology. | : 

Vincent(7) in 1894 reported a case of the ochroid variety and 
cultivated a streptothrix from the lesions. Vincent considered 
his microórganism different from actinomyces not only morpho- 
logically but also in cultures and in inoculation experiments. 
This microórganism was named Streptothrix madurz. 

Wright(8) in 1894 succeeded in cultivating a new variety of 
streptothrix from a case of mycetoma of the black iype. The 
work of Vincent and Wright seem to be carefully carried out and 
their conclusions appear to be sound. 

Foulerton and Jones in 1902 (cited by Musgrave and Clegg) 
published an exhaustive article dealing with streptotricosis in 
general The authors in discussing mycetoma considered Strep- 
tothriz madure Vincent the cause of the ochroid variety and 
Wright's streptothrix the cause of the black type. 

McLeod(9) believes that Vincent's streptothrix is the etiologic 
agent of the yellow variety of mycetoma, and that this organism 
is allied to but differs from the actinomycosis. The black species 
of Madura foot, he thinks, is due to a degenerated form of the 
same fungus. 

One of the most valuable investigations regarding the etiology 
of mycetoma is that of Musgrave and Clegg(10) in 1907. These 
authors reported a typical case of Madura foot of the ochroid 
variety of three years duration in a Filipino woman, 30 years 
old. A new variety of streptothrix was isolated from the le- 
sions and the microórganism was named Streptothriz freeri. 
With this organism they performed inoculated experiments on 
forty monkeys, guinea pigs, rabbits, dogs, and pigeons, and in 
three instances typical examples of Madura foot developed in 
monkeys after the injection of cultures in the tissues of the foot. 
These investigators believed at the same time that actinomycosis 
has been mistaken for Madura foot, both of the ochroid and 
black types in some of the reported cases, and concluded that 
it is probable that all types of mycetoma are due to streptothrix 
infection. Whether all forms are caused by the same organism 
or whether more than one species plays a part in the disease can 
not be stated positively. 

Quite recently, in 1916, Clegg and Hobdy(11) reported another 
case of Madura foot, also of the ochroid variety, in a native 
woman of Hawaii, of five years duration. The microórganism 
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isolated is a streptothrix culturally resembling Streptothriz ma- 
dure of Vincent. | 
Our case is interesting both from the clinical and bacteriolo- 
gical standpoint. Clinically, the lesion resembles typical Madura 
foot, but the characteristic grains could not be demonstrated in 
the pus of the sinuses and in the histological sections of the 
biopsy performed. Bacteriologically, the fungus isolated is an 
acid-fast, pathogenic, branching streptothrix differing in these 
peculiar features from Wright's streptothrix isolated in the 
United States from a case of Madura foot of the black type, and 
from Vincent's and Clegg and Hobdy's streptothrix isolated re- 
spectively in India and Hawaii from cases of the ochroid variety. 
Our organism resembles in acid-fast properties, pathogenicity, 
and other biological features the fungus described by Musgrave 
and Clegg as Streptothrix freeri, isolated from a case of Madura 
foot of the ochroid type which occurred also in a native of the 
Philippines. 
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CHARACTERISTICS OF STREPTOTHRIX AS REPORTED BY 
VARIOUS AUTHORS 


STREPTOTHRIX OF WRIGHT (UNITED STATES) 


Morphology.—Long branching filaments, 3 to 8 microns in diameter. In 
young forms delicate transverse septa are present. In older forms there 
may be swelling at these points and the hyphz may appear as a string 
of oval-ended plump segments. The filaments have a definite wall, and in 
the interior granules or pale areas may be seen. The branching occurs 


by the formation of lateral outgrowth of buds. No spore bearer organisms 
were observed. 
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Acid-fast properties.—Not acid fast. 

Peptone broth.—Growth always proceeds from the planted material 
whether grain or fragments of mycelium in the form of fine radiating 
filaments and soon produces a puffball appearance. Eventually the whole 
area of fluid is filled with radiating mycelium and a definite mycelial 
layer is formed on the surface. The medium acquires а coffee-brown 
color, 

Potato.—It forms a dense widely spreading coherent membrane or layer 
of velvety surface, pale brown in color throughout its central portion and 
white at its peripheral portion. A marked feature is the appearance 
of small spherical globules or droplets of dark coffee-colored fluid on 
the surface of this layer. The potato takes a dark brown color and Ъе- 
comes moist, 

Glucose agar.—The growth appears as a meshwork of widely spread- 
ing filaments of a grayish color on the surface of medium. In old cul- 
tures black sclerotia are found as in potato infusion. In stab cultures 
growth appears only on the surface. у 

Pathogenicity.—No results were obtained from the inoculation of animals 
with the original granules or with cultures. 


STREPTOTHRIX OF VINCENT (INDIA). DESCRIPTION OF MUSGRAVE AND CLEGG 
AND OF VINCENT AND FOULERTON 


Morphology.—Long thin filaments with true branching: no club forms. 
These hyphae may or may not be radially placed at the periphery of the 
granule, (Musgrave and Clegg.) 

Acid-fast properties.—Cultures stained by Ziehl-Neelsen method showed 
no acid-fast portions; Gram positive with irregular staining. (Musgrave 
and Clegg.) 

Peptone broth.—Growth appears as opaque white globular, more or less 
cohering colonies at bottom of tube; surface growth rare. No pigmenta- 
tion of medium. (Vincent and Foulerton.) 

Alkaline-litmus milk.—Growth occurs. No obvious change happens in 
the milk until after twenty days incubation, the medium then becomes pink 
and after four weeks begins to clear. (Vincent and Foulerton.) 

Potato—Growth appears after three days as small pinkish white colo- 
nies, which later develop a dark pink round granular growth. (Musgrave 
and Clegg.) 

Гоейетв blood serum—Growth slow and seanty. No liquefaction or 
Pigmentation of medium. (Vincent and Foulerton.) 

Glycerin agar.—Growth appears after five days as small, pinkish gra- 
nules and later assumes а dark pink color. (Musgrave and Clegg.) 

Resistant to heat, drying; relative growth to temperature; thermal death 
point.—Sporulating cultures resist an exposure to 45° C. for thirty minutes 
but are killed by exposure to 60% C. for the same period. (Vincent and 
Foulerton.) 

Pathogenicity.—Inoculation of cats, rabbits, guinea pigs, and mice рго- 
duced nothing more than a small nodule at the site of inoculation and these 
disappeared. (Vincent.) 
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STREPTOTHRIX MUSGRAVE AND CLEGG (PHILIPPINE ISLANDS) 


Morphology.—Long branching filaments 2 to 7 millimeters in diameter. 
Transverse segments are shown of various lengths from coccoid to 10 y 
length. Branching occurs as lateral hyphz developing from the segments. 
The filaments have a definite wall. Spores have not been observed. Сос- 
coid and clublike forms present in certain media. 

Acid-fast properties. Мапу acid-fast portions in cultures from 5 days 
to 2 months old (Ziehl-Neelsen method). 

Peptone broth,—Growth occurs after three days, as flat particles on the 
surface of the medium. These produce in time a delicate pink color and 
when the tube is shaken they adhere to its sides. As the growth proceeds 
a granular mass collects at the bottom of the tube. This mass is more 
or less coherent. Medium does not become cloudy but in time becomes 
darkened. 

Alkaline litmus mtlk—Growth appears after three days on surface of 
medium, as flat drying appearing particles. These later become confluent, 
forming a heaped up pinkish yellow mass. No reaction occurs in the me- 
dium until after the second week, when the color gradually fades but 
does not become red. This decolorization begins at the bottom. Milk is 
not coagulated. 

Potato.—Growth appears as small pinkish colonies, later raised and be- 
coming confluent. After a few days the growth assumes a heaped up 
appearance resembling a mass of yellow curls. Medium becomes moist and 
dark. 

Loeffler's blood serum.—Growth appears, after three days, smooth and 
delicate pink. Growth does not change the character of the medium after 
three weeks incubation. 

Glucose agar.—Growth appears after three days; later becomes luxu- 
riant with a heaped up and wrinkled appearance. The center becomes 
pinkish yellow with a gradual elimination to a delicate pink and to a 
white periphery. Stab cultures show only surface growth, with the same 
pigment characteristics. 

Glycerin agar.—Grows well, appearing after three days as raised heaped 
ap moist growth; produces a yellow pigment in center with a pale peri- 
phery. 

Resistant to heat, drying; relative growth to temperature; thermal death 
point.—Is killed by exposure to 70° C. for fifteen minutes. 

Pathogenicity.—Intraperitoneal inoculations of guinea pigs, monkeys, 
and dogs with material from lesions and from cultures in nearly every 
case produced processes resulting in death after two weeks. Rabbits 
and pigeons were not affected other than by the production of small 
nodules at site of inoculations in subcutaneous injection; these soon un- 
derwent resolution and healed. No progressive lesions were produced by 
subcutaneous inoculations. In monkeys inoculated in the foot with cul- 
tures extensive lesions were produced anatomically resembling Madura 


уо Pure cultures were obtained in every instance from experimental 
esions. 


STREPTOTHRIX C. MONSERRAT (PHILIPPINE ISLANDS) 


Morphology.—Smears from young cultures show numerous filamentous 
branching forms; some of the hyphe are slightly swelled at the ends, 
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Filaments have definite wall and in stain preparations show in the in- 
terior few coccoid and bacillary forms of various lengths. Branching oc- 
curs as lateral hyphz from the segmented portions. 

Acid-fast properties.—In young cultures the bacillary forms are acid 
fast but filaments as a rule are non-acid fast. In cultures 7 days old more: 
acid-fast filaments are found and numerous bacillary and coccoid acid- 
fast forms. With Gabbet's stain, acid-fast forms are more deeply and 
uniformly stained. 

Peptone broth.—Good growth obtained after two to three days on the 
surface of the medium in the form of small, rounded, delicate, flat par- 
ticles slightly umbilicated in the center which in time become confluent, 
forming a heaped up whitish yellow pellicle. On being shaken these 
particles adhere to the side of the tube. The medium does not become 
cloudy. The puffball growth was not obtained. 

Alkaline litmus milk.—Moderate growth is also obtained after two to 
three days on the surface of the medium as small, rounded, flat particles 
which become confluent, the same as in peptone broth. No change of color 
occurs in the medium, but in time the upper part of the medium below 
the surface growth becomes deeper blue. Milk is not coagulated. 

Potato.—Scanty growth is obtained after four days in the form of 
minute yellowish white colonies. 

Loeffier's blood serum.—Growth appears after three days in the form of 
minute, confluent, yellowish colonies, which later become slightly pink. 
No evidence of liquefaction. 

Glucose agar.— Glucose agar slant growth is obtained after two or three 
days in'the form of confluent, minute, yellowish colonies. In a week a 
heavy heaped up growth is obtained with a pronounced pinkish coloration. 
In stab tubes growth is obtained only on the surface and not in the depth 
of the agar. 

Glycerin agar.—Confluent heaped up growth, obtained after two to 
three days, consists of rounded, slightly umbilicated, whitish colonies, 
which later becomes yellowish and further yellowish pink. 

Pathogenicity.—A. monkey was injected in the tissues of the foot. The 
foot became inflamed and an ulcer developed after three days which dis- 
Charged thick purulent material, The streptothrix was recovered from 
the lesion. A guinea pig was injected intraperitoneally and was killed 
thirteen days after inoculation. Autopsy showed minute necrotic nodules 
on the peritoneal surface, omentum, and liver. Pure streptothrix culture 
was recovered from the lesions. 


STREPTOTHRIX CLEGG AND HOBDY (HAWAII) 


Morphology.—Long, thin, branching filaments. Spore-bearing organ- 
isms were not observed, 

Acid-fast properties.—Not acid fast. 

Peptone broth. —Growth appears as opaque white colonies at the bottom 
of the tubes, more or less coherent. The so-called puffball growth was not 
Observed. On shaking the tube numerous flat flaky particles adhere to 
the sides. The microórganism grows as long, thin, branching filaments. 
The medium remains clear. 

Alkaline litmus milk.—Nothing recorded. 

Potato.—Nothing recorded. 
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Loeffler's blood serum.—Nothing recorded. 

Glucose agar.—Growth was luxuriant after six days with heaped up 
mealy appearance. Old cultures developed a rich cream color. Bacillary 
and coccoid forms did not occur in this medium. 

Glycerin agar.-—Growth similar to that on maltose and glucose agar. 

Resistant to heat, drying; relative growth to temperature; thermal death 
point.—Nothing recorded. 

Pathogenicity.—Not pathogenic for guinea pigs, rabbits, or monkeys. 


ILLUSTRATIONS 


PLATE 1 


Fic. 1. The patient's foot, markedly enlarged, with multiple nodules on 
the surface containing seropurulent discharge. 
2. Smear from an old culture stained by Gabbet's acid-fast stain 
method, shows filamentous branching acid-fast forms with ba- 
cillary and coccoid forms inside of hyphz. 


PLATE 2 


Fic. 1. Section of a liver nodule in a guinea pig injected intraperitoneally 
with our streptothrix, shows a necrotic area with polynuclear 
infiltration and the fungus at the center. (Haematoxylin eosin 
stain; high power.) А 

2, Section from the liver of a monkey injected intraperitoneally with 
our streptothrix. High-power view of а песгобіс nodule with 
the fungus at the center and polynuclear cells. 


PLATE 3 


Culture in glycerin broth 3 weeks old; a confluent wrinkled yellowish 
surface growth. 
PLATE 4 


Fic. 1. Young culture on hormone blood agar, recovered from guinea-pig 
nodule. Animal inoculated with subplant of original strain, shows 
rosette ocher yellow colonies, umbilicated. (Cultures 5 days 
old.) 

2. Original pure culture obtained from patient's foot, growing on 
hormone blood agar; ocher yellow colonies become confluent and 
acquire a pinkish coloration with age. (Cultures 24 days old.) 

3. Old culture (23 days old) on Saboraud's medium, shows powdery 
whitish growth colonies which never become yellow or pink. 
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PLATE 2. 
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PLATE 3, 
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PLATE 4. 


